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ABSTRACT
Wild-type and recombinant nucleopolyhedroviruses (NPVs) were compared with 
respect to their capability to produce epizootics in Trichoplusia ni (Hvibner) larvae 
infesting collards in a greenhouse microcosm. Viruses tested were variants of 
Autographa califomica (Speyer) NPV (AcNPV): wild-type virus (AcNPV.WT), AcNPV 
expressing a scorpion toxin (AcNPV.AalT), and AcNPV expressing juvenile hormone 
esterase (AcJHE.SG). Epizootics of AcNPV.WT lasted 8 weeks after a single viral 
release in the replicated, greenhouse micro-plots. AcJHE.SG epizootics also lasted 8 
weeks after viral release, but this virus and AcNPV.AalT were both out-competed by 
AcNPV.WT. AcNPV.AalT was no longer detected in the T. ni population by the fourth 
week after release. AcNPV.WT also increased to greater numbers in soil than 
AcNPV.AalT or AcJHE.SG after 8 weeks. Both AcNPV.WT and AcJHE.SG had 
random dispersion patterns in soil.
The predator Podisus maculiventris (Say), the scavenging fly Sarcophaga bullata 
(Parker), and scavenging house crickets Acheta domesticus (Linnaeus) were 
compared for their capability to transport the wild-type and recombinant viruses. All 
three insects ingested T. ni larvae infected with or killed by each of the three NPVs. 
Neither the cricket nor the fly preferred T. ni larvae killed by one type of NPV versus 
the others. The cumulative survival curves for the three non-target organisms (NTO) 
did not differ significantly whether they ingested AcNPV.WT-infected, recombinant- 
infected, or uninfected T. ni. Within 5 days after ingesting virus-infected larvae, all 
three NTO voided > 1000X the median lethal dose of each NPV against neonatal 
Heliothis virescens (Fabricius). All three insects defecated significantly more 
AcJHE.SG than the other viruses. Prevalence and spread of the three viruses were 
compared in the greenhouse microcosm in the presence and absence of one or more
xi
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of the NTO. Podisus maculiventris transported AcNPV.WT and S. bullata transported 
AcNPV.WT and AcNPV.AalT. All three viruses were detected outside viral release 
sites, indicating that host larvae and abiotic agents may have contributed to viral 
transport. Prevalence and transport of AcNPV.WT were greater than AcNPV.AalT and 
AcJHE.SG regardless of whether the NTO carriers were present or absent.
xii
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CHAPTER 1
INTRODUCTION
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Nucleopolyhedroviruses (NPVs), a genus of the Baculoviridae (Murphy et al.,
1995), have major advantages for insect pest management. The primary reason for 
interest in the NPVs for pest management is their environmental safety, which, in turn, 
is due to their extreme host specificity. They are safe to humans, wildlife, livestock, 
plants, and beneficial insects (Fuxa, 1989; Laird et al., 1990). Thus, the use of 
baculoviruses for insect pest control eliminates the risk of infecting humans and other 
vertebrates (Laird et al., 1990). In addition, the NPVs are virulent and cause massive 
disease epizootics in their insect hosts, primarily the larvae of sawflies and moths 
(Fuxa, 1991a). Another major advantage is their amenability to genetic engineering 
(Miller, 1988; Maeda, 1989b), which creates opportunities to manipulate them for 
optimal pest management. Viral pesticides can be applied using conventional 
techniques and do not create the problems associated with residues. They do not 
show cross resistance with chemical compounds (Fuxa, 1990; Bonning and Hammock,
1996). Although insects develop resistance to baculoviruses in some cases (Fuxa,
1993), resistance ratios are generally low.
The viral insecticide approach to microbial control, in which relatively large 
amounts of virus are applied for quick suppression of a pest population, has been the 
least successful approach. Certain weakness have hindered the success of NPVs as 
viral insecticides. Large-scale production of NPV is currently labor intensive; it involves 
mass rearing and infection of insect larvae, which increase production costs (Bonning 
and Hammock, 1992). Host specificity of NPVs is a disadvantage, as well as an 
advantage, because it decreases potential market size and allows a user to control 
only a single insect in pest complexes. The NPVs, though virulent in terms of their 
case-fatality rates, generally require approximately one week to kill the host insect.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
This slow speed is very deleterious to a “knockdown” or “firefighting” approach in which 
a user expects quick action (Fuxa, 1991a).
There have been several approaches to increasing the speed of kill of recombinant 
baculoviruses. The first involved insertion of a gene for a diuretic factor into the 
baculovirus of the silkworm, Bombyx mori (Linnaeus) (Maeda, 1989a) which led to a 
slight increase in the speed of kill. O’Reilly and Miller (1991) discerned that removal of 
the gene coding for ecdysone glucose transferase could lead under certain conditions 
to enhanced speed of kill. Korth and Levings (1993) in expressing maize genes in the 
baculovirus system discovered that a mitochondrial gene could enhance speed of kill. 
The most simplistic approach has involved the insertion of a toxin gene. Several 
laboratories have produced a recombinant NPV expressing the endotoxin of Bacillus 
thuhngensis (Berliner) with disappointing results (Merryweather et al., 1990). A gene 
(tox 34) for a protein toxin of the straw itch mite, Pyemotes tritici (Lagreze-Fossat and 
Montane), termed TxP-l led to a dramatic increase in speed of kill when cloned into 
Autographa califomica (Speyer) NPV (AcNPV) (Tomalski and Miller, 1991). An insect- 
specific neurotoxin gene, mag4 from the spider Agelenopsis aperta (Gertsch) which 
expresses toxin mu-Aga-IV, was cloned into AcNPV to reduce time in controlling host 
feeding (Popham et al., 1998). One of the two recombinants researched in this 
proposal is the virus expressing a highly specific insect toxin from the Algeria scorpion 
Androctonous australis (Hector) (AalT).
The AalT toxin has been expressed in AcNPV, termed AcNPV.AalT (McCutchen et 
al., 1991; Stewart et al., 1991) and AcST-3 (Maeda et al., 1991). AcNPV has a 
broader host range than most baculoviruses (Granados and Williams, 1986) and is 
orally infective in the most economically important group of lepidopteran pests, the 
noctuids (McCutchen et al., 1991). The toxin is highly specific for the insect sodium
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
channel, the same site of action of pyrethroids. It fails to bind to the mammalian 
sodium channel and shows no toxicity even when injected at very high levels 
intracerebrally. AcNPV.AalT kills noctuiid larvae that are over 2,000 times resistant to 
pyrethroid insecticides more quickly than susceptible larvae, making this virus very 
attractive in resistance management programs (McCutchen et al., 1997). This virus is 
more active on plants than on diet (Duffey et al., 1995) and more active in the 
greenhouse than in the laboratory. A hypothesis to explain this enhanced activity or. 
plants is that the lack of coordination caused by blockage of the sodium channel 
causes pest insects to fall from the plant resulting in dramatic reduction in feeding 
damage (Hoover et al., 1995).
Another approach to increasing the speed of kill of baculoviruses involves the 
insertion of a gene for an enzyme into the baculovirus. Inhibiting the esterase that 
degrades the conjugated methyl ester of insect juvenile hormone leads to giant larvae 
which may consume over 300% of the normal food supply (Abdel-Aal and Hammock, 
1986). Injection of juvenile hormone esterase (JHE) results in anti-JH effects and a 
reduction in food consumed (Philpott and Hammock, 1990). When the JHE gene was 
cloned into a baculovirus vector, there was a reduction in food consumed by first 
instars of Trichoplusia ni (Hiibner) (Hammock et al., 1990) but the virus offered no 
advantage with later instars. The expressed JHE was rapidly taken up and destroyed 
by pericardial cells in the insect (Ichinose et al., 1992). This process occurs in coated 
pits, and a lysozomal carrier protein transports the JHE from the coated pits to the 
lysozomes (Bonning et al., 1997). By making just two mutations in the JHE in regions 
thought needed for lysozomal recognition, a JHE protein was obtained which retained 
catalytic activity but failed to bind to the lysozomal transport protein. A NPV 
expressing this protein is as active as AalT in reducing feeding damage of virus
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infected insects (Bonning and Hammock, 1994; Bonning et al., 1997). This virus, 
AcJHE.SG, reduces feeding damage by 66%, and its lethal times are 20% to 30% 
lower than for the wild-type virus (Bonning et al., 1995). AcJHE.SG will be the second 
recombinant NPV in the current research.
Genetic engineering of baculoviruses to reduce the time taken by the virus to kill 
the host insect will not preclude the use of the wild-type viruses in biocontrol but 
promises to yield viruses more competitive with classical insecticides (Bonning and 
Hammock, 1996). But the recombinant-DNA revolution might raise questions about 
environmental releases of recombinant organisms, whether a virus, bacterium, plant, 
or other (Fuxa, 1987, 1989, 1990). Some scientists felt that recombinants might have 
unexpected properties, such as pathogenicity for the wrong hosts or unusual 
evolutionary potential. Another concern was that recombinants would be unpredictable 
in the environment and could themselves become pest species as have many other 
accidental and intentional introductions. A third major question was whether there 
might be unintended transfer of genetic material from a recombinant to other 
organisms, thereby creating a new pest even if the recombinant itself was safe.
Much of the concern about the release of recombinant-DNA microorganisms is due 
to uncertainty about their potential for environmental persistence and subsequent 
transport and dispersal (Rissler, 1983). “Risk assessment” is the process of obtaining 
quantitative measures of risk levels (Fiksel and Covello, 1986). One of the essential 
stages in risk assessment is the duration of human or environmental exposure to the 
source of risk (Fiksel and Covello, 1986). Obviously, then, the persistence and rate of 
spread of a recombinant-DNA organism or of an introduced gene are important factors 
in assessing exposure and risk. Even an agent harmful to some environmental 
component might have low risk if it cannot persist or spread.
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Natural strains or isolates of NPVs clearly are capable of environmental 
persistence and spread. Quantification of NPV in soils is of primary importance to 
epizootiology of these microorganisms because soil is their most important abiotic 
reservoir (Jaques, 1977). Short-range transport of NPVs, primarily from soil onto the 
insect's host plant and within the plant, is largely dependent on abiotic agents, primarily 
rainfall, air currents, and gravity (Fuxa, 1991b). Biotic agents such as predators, 
parasites, scavengers of host insects, and grazing mammals can contribute to short- 
and long-range transport of NPVs, particularly in forest ecosystems (Fuxa, 1991b). 
However, even in row-crop agroecosystems, predatory arthropods transported NPVs 
away from release sites at a rate of approximately 1 m per day (Fuxa and Richter
1994).
Predatory arthropods and scavengers can transport wild-type NPVs when they eat 
virus-infected caterpillars and subsequently defecate viable NPV (Capinera & Barbosa 
1975; Stairs, 1965). The spined soldier bug, Podisus maculiventris (Say), which feeds 
primarily on lepidopteran and coleopteran larvae (McPherson, 1982), transports wild- 
type NPVs in nature (Fuxa et al., 1993). There is evidence that scavenging flies, such 
as Sarcophaga bullata (Parker), feed on NPV-killed caterpillars in nature and are 
potential agents of viral transport (Stairs, 1965; Hostetter, 1971). The house cricket, 
Acheta domesticus (Linnaeus), is an omnivorous scavenger (Walker and Masaki, 
1989) and therefore is likely to ingest virus-killed larvae and thereby transport 
recombinant NPVs.
In addition to their potential as transport agents, predatory and scavenging 
arthropods also may be non-target organisms (NTO) at risk from recombinant NPVs. 
As stated previously, the host range of wild-type AcNPV (AcNPV.WT) is limited strictly 
to lepidopteran species (Granados and Williams, 1986). However, AcNPV.AalT-
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infected larvae may contain AalT toxin and AcJHE.SG-infected larvae may contain 
excessive JHE which can be ingested by predators or scavengers.
The general purpose cf this research was to collect data pertinent to exposure 
assessment, namely, the persistence (competitive ability) and potential for spread of 
recombinant versus wild-type NPV. In this work, three viruses were tested: wild-type 
A. californica nucleopolyhedrovirus (AcNPV.WT), AcNPV with a scorpion toxin gene 
(AcNPV.AalT), and AcNPV with a gene for juvenile hormone esterase (AcJHE.SG). 
Trichoplusia ni was the host insect infected with these three viruses. Sarcophaga 
bullata and A. domesticus were tested as scavengers and P. maculiventris as a 
predator of infected T. ni.
In addition to its practical aspects, this research should prove interesting with 
respect to theoretical ecology and evolution. It was determined whether the addition of 
one gene (scorpion toxin or juvenile hormone esterase) to a viral genome changed the 
ecological performance of that virus in comparison to the wild genotype. It was 
determined whether each recombinant NPV could compete against wild NPV for a 
niche in a contained ecosystem. It was further determined whether the recombinant 
has the same capability as wild-type NPV to be transported by a predator and 
scavengers. Thus, this research should contribute empirical data concerning the effect 
of one gene on fitness and selection.
The specific purposes of this research were:
<1> to determine whether the recombinant viruses AcNPV.AalT and AcJHE.SG 
can compete with AcNPV.WT for a niche in a T. ni - collards microcosm;
<2> to determine whether P. maculiventris, S. bullata, or A. domesticus would 
ingest larvae infected with recombinant NPV and whether these NTO are harmed by 
eating these infected larvae;
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8<3> to determine the amount of viable recombinant virus voided by P.
maculiventris, S. bullata, or A. domesticus after ingesting virus-infected larvae;
<4> to confirm experimentally and compare the capability of the wifd-type and
recombinant viruses to be transported over limited distances by P. maculiventris, S.
bullata, or A. domesticus in a greenhouse microcosm.
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CHAPTER 2
COMPETITION BETWEEN WILD-TYPE AND RECOMBINANT 
NUCLEOPOLYHEDROVIRUSES IN A GREENHOUSE MICROCOSM
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INTRODUCTION
Nucleopolyhedroviruses (NPVs) have major advantages for insect pest 
management. The primary reason for interest in the NPVs is their environmental 
safety, which, in turn, is due to their extreme host specificity. They are safe to 
humans, wildlife, livestock, plants, and beneficial insects (Fuxa, 1989; Laird et al., 
1990, Heinz et al., 1995; McCutchen et al., 1996). In addition, the NPVs are virulent 
and cause massive disease epizootics in their insect hosts, primarily the larvae of 
sawflies and moths (Fuxa, 1991).
The NPVs, though virulent in terms of their case-fatality rates, generally require 
approximately one week to kill the host insect. This slow speed is very deleterious 
when little damage from the pest can be tolerated. It also is disadvantageous when a 
user expects quick action in a "knockdown" or "firefighting" approach to insect control 
(Fuxa, 1991).
There have been several approaches to increasing the speed of kill of recombinant 
baculoviruses. For example, NPV was engineered to express a highly specific insect 
toxin (AalT) from the North African scorpion, Androctonous australis (Hector). This 
toxin has been expressed in Autographa califomica (Speyer) NPV (AcNPV) (Maeda et 
al., 1991; McCutchen et al., 1991; Stewart et al., 1991). AalT is highly specific for the 
insect sodium channel. The recombinant virus, AcNPV.AalT, kills noctuid larvae that 
are over 2,000x resistant to pyrethroid insecticides more quickly than susceptible 
larvae, making this virus very attractive in resistance management programs 
(McCutchen et al., 1997). Another approach to increasing the speed of kill of 
baculoviruses involves the insertion of a mutated juvenile hormone esterase (JHE) 
gene. The resulting recombinant baculovirus, AcJHE.SG, expresses juvenile hormone 
esterase with the catalytic serine (Ser20-i) mutated to Gly (Bonning et al., 1995). This
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virus reduces feeding damage by 66%, and its lethal times are 20% to 30% lower than 
for wild-type virus (Bonning eta i, 1995).
In spite of the safety record of natural, or wild-type, strains of NPVs, there has 
been reluctance on the part of regulatory agencies to register recombinant NPVs for 
insect control. Much of the concern about the release of recombinant-DNA 
microorganisms is due to uncertainty about their potential for environmental 
persistence and subsequent transport and dispersal (Fuxa, 1990). Even an agent 
harmful to some environmental component might have low risk if it cannot persist or 
spread. The pathology of AcNPV.AalT in particular has certain features -- a high 
proportion of infected insects falling off plants onto soil, production of relatively low 
numbers of polyhedra, and cadavers that remain intact and therefore not liberating 
virus on host plant leaves (McCutchen and Hammock, 1994; Hoover et al., 1995) -- 
that might decrease its ability to compete with wild-type virus for a niche in its habitat. 
Microcosms, or contained systems ranging from test tubes to greenhouses in which a 
portion of an ecosystem is duplicated, can provide data concerning how a recombinant 
organism performs or affects a portion of the environment (Omenn, 1986).
The purpose of the current research is to determine whether the recombinant 
viruses AcNPV.AalT and AcJHE.SG can compete with the wild-type AcNPV 
(AcNPV.WT) for a niche in a plant/insect/virus microcosm.
MATERIALS AND METHODS 
Greenhouse setup Coliards were grown in a greenhouse at a spacing of 30 cm 
between plants. There were 16 plots on four greenhouse benches (one block of four 
plots per bench). Each plot consisted of 16 evenly spaced plants grown in one 1.35 X 
1.35 m flat container. Each plot was surrounded by a wooden, plastic-covered wall 20
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cm high, with buffers of 45 cm between plots. The plants were watered with overhead 
sprinklers at a rate of 5 mm every 2 day to simulate rainfall on the foliage.
Viruses The viruses (AcNPV.WT. AcNPV.AalT, and AcJHE.SG) were grown in 
laboratory-reared cabbage loopers, Trichoplusia ni (Hvibner). AcNPV.WT was 
provided by Biosys, Inc. (Hanover, Maryland). AcJHE.SG and AcNPV.AalT were 
obtained from Dr. B. D. Hammock (Department of Entomology, University of California, 
Davis). Viruses were purified by standard techniques of homogenization of dead 
insects followed by filtration and centrifugation. NPV preparations were quantified on 
an improved Neubauer hemacytometer. The T. ni were reared on artificial diet with 
standard techniques.
AcNPV.WT vs. AcNPV AalT The experiment ran with only one recombinant NPV 
at a time in competition with AcNPV.WT. For the AcNPV.AalT experiment, one group 
of third-instar T. ni was infected with AcNPV.WT and another group with AcNPV.AalT. 
For each NPV, the diet in 30-ml rearing cups was surface-treated with 0.1 ml of 
suspension containing 5 X 106 polyhedral occlusion bodies (POB)/ml water. The T. ni 
were infected after the coliards grew to a height of approximately 15 cm. One day 
after infection (i.e., diet-surface treatment), the T. ni were released into the 
greenhouse plots in a randomized block design experiment (each bench = one 
replication with four treatments or plots). Six larvae were placed on each plant with a 
camel's hair brush, for a total of 96 insects/plot. The six larvae per plant assured that 
sufficient insects would remain after removal sampling to initiate or sustain viral 
epizootics in the greenhouse micro-plots. Only four larvae were placed on plants in 
control plots, because the plants could not survive the damage from six healthy insects 
through the course of the experiment. The four treatments of generation-1 larvae 
released into the plots were: 1) uninfected T. ni larvae ("Control"); 2) 100%
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AcNPV.WT-infected larvae ("WT"); 3) 100% AcNPV.AalT-infected larvae ("AalT'); and 
4) 1:1 ratio of AcNPV.WT-infected and AcNPV.AalT-infected ("WT+AalT").
One week after the release of the insects in Treatments 1-4, and weekly thereafter, 
healthy second instars were released in all 16 plots, again at a density of six 
larvae/plant or 96/plot (controls, four/plant or 64/plot). Two days after each release of 
insects (including the original "treatment" insects), two larvae per plant were randomly 
sampled. At each time of sampling, any insects that reached the pupal stage were 
removed from the experiment. The sampled larvae were reared individually in 30 ml 
cups with artificial diet until they died or pupated.
NPV from every larva killed by virus was analyzed to determine whether that insect 
was infected with AcNPV.WT or AcNPV.AalT. The dead insects were frozen and held 
at -20°C until sent by overnight mail from Louisiana to California on dry ice. A DNA- 
DNA dot-blot hybridization assay was then used to determine the identity of the virus 
present in each dead insect (Method 1 in Ward et al., 1987). This technique, in which 
the whole homogenized larvae is probed with a high specific activity 32P DNA probe, 
was shown to be more sensitive than differential staining, phase-contrast microscopy, 
or indirect solid-phase radioimmunoassay (Ward et al., 1987). To detect wild-type 
virus, a fragment of cloned DNA encoding the essential gene ORF 1629 (open 
reading frame) was used. This probe hybridizes with both of the viruses used in the 
current research. To detect the recombinant virus, the coding sequences for the 
introduced gene was used as a probe. Thus, this second probe was specific for the 
recombinant virus.
The releases and sampling were continued for 8 weeks. However, larvae sampled 
from plants were subjected to DNA probes only through 5 weeks or insect generations, 
because it was clear at that time that AcNPV.AalT was no longer infecting insects on
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the coliards (Table 2.1). After 8 weeks or insect generations, one random soil sample 
was collected per plot, with a sampler 10 cm diameter and 5 cm deep. Each soil 
sample was bioassayed by a leaf-disk method with second-instar T. ni (Fuxa et al., 
1985). Briefly, each soil sample was homogenized in distilled water, centrifuged, and 
the pellet resuspended in 0.5% Triton X-100. Fifty larvae were each fed a 5-mm 
coliards leaf disk which had been dipped in the soil suspension and dried. Insects that 
ate the entire disk within 2 d were transferred to artificial diet. Controls for the soil 
bioassay were treated identically except that the leaf disks were dipped only in 0.5% 
Triton X-100 in distilled water. The soil-bioassay insects were observed daily until they 
died or pupated. Soil-bioassay larvae killed by NPV were subjected to the ONA 
probes, as above, to determine which virus had infected individual insects. Standard 
bioassay curves with known amounts of AcNPV.WT or AcNPV.AalT in the greenhouse 
soil (A. Abdel-Rahman, J. R. Fuxa, and A. R. Richter, unpublished data) were used in 
conjunction with the current soil bioassay results to estimate the number of POB per 
gram of soil. For each standard curve, six viral concentrations were fed on 5-mm 
diameter leaf disks to second-instar T. ni, as above, with an average of 32 larvae per 
concentration eating the entire disk. The results were subjected to probit analysis, 
resulting in the standard curves Y = 0.354X + 3.68 for AcNPV.WT, and Y = 0.408X + 
3.38 for AcNPV.AalT, where Y = probit % mortality and X = log POB/g soil.
AcNPV.WT vs. AcJHE.SG The entire experiment was repeated with AcJHE.SG in 
the place of AcNPV.AalT and with minor modification of certain procedures. The soil 
and greenhouse benches were decontaminated prior to the second experiment. Nine 
random soil samples were collected from each plot to determine viral dispersion 
patterns as well as viral population density. Each soil sample was bioassayed by 
placing a neonatal larva on 6.7g of a 1:9 (WT:WT) mixture of dried soil sample:artificial
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diet. Numbers of insects used in this soil assay were the same as in the AalT 
experiment. Bioassay insects were observed daily until they died or pupated. A DNA- 
DNA dot-blot hybridization assay was again used to determine the identity of the virus 
present in each dead insect except the soil-dispersion-assay insects. Soil-dispersion- 
bioassay larvae killed by NPV were determined by microscope observation. Standard 
bioassay curves with known amounts of AcNPV.WT or AcJHE.SG in the greenhouse 
soil (A. Abdel-Rahman, J. R. Fuxa, and A. R. Richter, unpublished data) were used in 
conjunction with the soil bioassay results to estimate the number of POB per gram of 
soil. For each standard curve, six viral concentrations were fed on soil diet to second- 
instar T. ni, as above, with 40 larvae per concentration. The results were subjected to 
probit analysis, resulting in the standard curves Y = 0.342X + 3.41 for AcNPV.WT, and 
Y = 0.249X + 3.90 for AcJHE.SG, where Y = probit % mortality and X = log POB/g soil.
Calibrations Calibration of dot-blots was accomplished by correlating the 32P 
signal, PSL (Radiation Dose), with the number of AcNPV.WT POB per larva. Live 
larvae were infected with AcNPV.AalT or AcJHE.SG, and individuals were frozen at 
40, 44 48, 54, 56, 68, 72, 102, 124, or 127 hours post-infection. Each of these larvae 
was then homogenized in 0.25 ml sterile water and blotted on a nitrocellulose 
membrane. Radioactivity was detected as described for the greenhouse collected 
larvae. A Fuji Phosphorlmager was utilized for quantification of the radioactive signal. 
An image from the hybridized nitrocellulose membrane was obtained and analyzed 
with the Fujix Bas1000 I mage File Manager softwares, and Radiation Dose (PSL) 
values were obtained for each larva. The number of POB from each larva was 
determined by counting the individual POB under a phase-contrast microscope after 
extraction with 0.5% SDS and two washes with 0.5M NaCI. PSL values were plotted 
against the number of POB in corresponding larvae, and a standard curve was
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obtained using the Delta Graph software. Radiation doses were determined with a 
Phosphorlmager and plotted against number of POB for corresponding larvae.
Statistical Analysis Pairs of treatments (within each insect generation or within 
the soil results) were compared statistically by analysis of variance through the SAS 
General Linear Models Procedure and the PROC MIXED procedure (SAS Institute, 
1996). Pairs of treatments, rather than the entire data set within each insect 
generation, were subjected to this procedure due to the large number of zeroes in the 
final data (Table 2.1). The data for POB/g soil were transformed to loge in order to 
satisfy normality assumptions for the analysis of variance. Viral horizontal dispersion 
in soil was subjected to the PROC REG analysis (SAS Institute, 1996). Percentages 
of mortality from the soil bioassays were converted to POB per gram with the standard 
curves. Viral indices were calculated with Taylor’s power law, log s2 = b log (x ) + log 
a (Taylor, 1961), which is the regression of log variance (s2) on log mean (x ). In this 
regression, b, the slope, is a species-specific aggregation constant (Taylor, 1961; 
Elliott, 1979). A siope of 1.0 indicates a random population distribution, whereas a 
slope > 1.0 indicates a clumped distribution and a slope < 1.0 indicates a uniform 
distribution (Elliott, 1979).
RESULTS
The methods in the current research were used successfully to induce replicated, 
8-week epizootics of AcNPV.WT in 1.35 X 1.35 m micro-plots in an artificial setting. 
Insect cadavers were observed in all the viral treatment plots. All cadavers in the WT 
plots exhibited typical signs of nucleopoiyhedrosis. These relatively large cadavers 
virtually became liquified on the leaves, presumably releasing viral polyhedral 
occlusion bodies. In the AalT treatment plots (Table 2.1), the insects died as small 
larvae and usually fell from leaves onto the soil surface, where they remained intact
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TABLE 2.1. Amounts of wild-type and recombinant NPV, indicated by bioassay of vegetation and soil, resulting from epizootics of wild- 
type (AcNPV.WT) or recombinant (AcNPV.AalT) virus in Trichoplusia ni on coliards plants in a greenhouse microcosm
Insect Control" W T b AalTb W T  + A a lT
generation w r AalT0 W T AalT W T AalT W T AalT
Mean % mortality6 ( ± SE 1 in larvae on coliards leaves
1 0 0 90.0 ± 5.7 0 1 5 '± 3 .7 71.0 ± 7 .2 47.8 ± 12.5 44.0 ±1 2 .8
2 0 0 75.8 ± 13.3 0 0 0.8 ± 1.3 51.8 ± 2 2 .8 3.0 ±2 .1
3 0 0 92.5 ± 3.4 0 0.8 ± 1.3 3.8 ± 2 .5 91.5 ± 4 .8 0
4 0.8 ± 1.3 0 97.8 ± 1.3 0 0 0 97.0 ±2 .1 0
5 0.8 ± 1.3 0 57.3 ± 9 .1 0 0.8 ±  1.3 0 57.8 ± 11.3 0
Mean POB/a soil9 ( ± SE ) after 8 aenerations
0 0 1 2 0 6 0 ± 
9209
0 0 2 6 3 ± 128 7 6 0 ± 188 3 ± 1
a Uninfected insects were released onto coliards in the greenhouse plots in every insect generation.
b All released generation-1 insects were infected with AcNPV.WT or AcNPV.AalT, respectively. Subsequent generations were 
released as healthy insects.
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c Half of released generation-1 insects were infected with AcNPV.WT and half with AcNPV.AalT. Subsequent generations were 
released as healthy insects.
d Amount of AcNPV.WT or AcNPV.AalT, respectively, detected as disease prevalence in insects on coliards or by soil bioassay. 
e Percentage of insects dying and hybridizing with appropriate DNA probes. Those insects not hybridizing were assumed to be 
uninfected with AcNPV.WT or AcNPV.AalT. Each mean represents four replication with 32 insects sampled per replication 
f Insects identified as infected with AcNPV.WT in this group probably were actually infected with AcNPV.AalT (see text for 
explanation). If it is assumed that all the insects were infected with AcNPV.AalT, then mean % mortality = 86.0 ± 3.9.
0 Polyhedral occlusion bodies (POB)/g soil were calculated from percentages of bioassay mortality according to the following 
standard curves: AcNPV.WT, Y = 0.354X + 3.68, AcNPV.AalT, Y = 0.408X + 3.38, where Y = probit % mortality and X = log POB/g 
soil.
M
(did not disintegrate or liquify). In the JHE.SG plots, some dead larvae remained on 
the plants and some fell on the soil surface. Both AcNPV.WT and AcJHE.SG infected 
cadavers liquified and disintegrated, although AcJHE.SG infected cadavers took 2 to 3 
more days to disintegrate than those infected by wild-type virus.
Calibration of the dot blot (Fig. 2.1) by blotting known amounts of plasmid DNA with 
wild type baculovirus DNA showed that 0.48 ng was the cut-off to score an unknown 
as positive. The Calibration curve for detection and quantification of AcNPV.WT (Fig. 
2.2) confirmed the sensitivity of the DNA-DNA dot-blot assay.
AcNPV.WT vs. AcNPV.AalT AcNPV.WT out-competed AcNPV.AalT on the insect 
host plant in the greenhouse plots (Table 2.1). In the WT treatment (AcNPC.WT only 
released), AcNPV.WT produced epizootics in T. ni for five generations. In the AalT 
treatment (AcNPV.AalT only released), prevalence of AcNPV.AalT was significantly 
(P<0.01) lower than that of AcNPV.WT in the WT treatment by generation 2 (see 
below for further explanation of generation-1 results), and AcNPV.AalT prevalence 
decreased to zero by the fourth generation of insects. In the treatment with both 
viruses released (WT+AalT), prevalence of AcNPV.WT increased to the point where it 
was not significantly (P>0.05, Table 2.2) different from that in the WT treatment by the 
second generation, whereas AcNPV.AalT prevalence again decreased to zero, this 
time in the third generation. In the WT+AalT treatment, prevalence of the two viruses 
was not significantly different (P>0.05) in generation 1, but prevalence of AcNPV.WT 
was significantly (P<0.05 in generation 2, P<0.01 in generations 3-5) greater than that 
of AcNPV.AalT in generations 2-5 (Table 2.2). Prevalence of NPV during weeks 6-8 
averaged 82.7 (total n = 327) and 74.7 (n = 302) % mortality of insects in WT and in 
WT+AalT plots, respectively. There was no mortality in control (n = 362) or in AalT (n 
= 336) plots during weeks 6-8.
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125ng 62.5ng 31.2ng 15.6ng 7.8ng 3.9ng 1.95ng 0.97ng0.48ng 0.24ng 0.12 ng
Fig. 2.1. Calibration of the dot blot by blotting known amounts of plasmid DNA in the presence of uninfected insect 
homogenates with 32P labeled wild type baculovirus DNA (Kpnl-Mscl fragment of PAcUW21). The cut-off to score an 
unknown as positive is 0.48 ng.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
35000
30000
25000
20000
to
CL
15000
10000
5000
8000 10000 12000 14000 16000 180004000 600020000
Number of POB
Fig. 2.2. Calibration curve of POB (wild-type) amounts correlated to its radioactive signal (Radiation Dose, PSL).
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TABLE 2.2. Results of analyses of variance (General Linear Models Procedure, SAS Institute, 1996) comparing certain treatments 
within each insect generation or within the soil bioassay (see Table 2.1)a of the AcNPV.WT versus AcNPV.AalT experiment
Insect W T  (in W T  plots) vs. W T  
(in W T  + AalT plots)
W T  (in W T  plots) vs. AalT  
(in AalT plots)
AalT (in AalT plots) vs. 
AalT (in W T  + AalT plots)
W T vs. AalT (both in 
W T  + AalT plots)
generation FD P > F FD P > F FD P > F F P > F
Prevalence of virus in larvae on coliards leaves
1 25.97 0.0146 12.82c 0.0373c 18.15“ 0.0237d 0.07 0.8058
2 3.12 0.1757 81.33 0.0029 2.45 0.2152 13.63 0.0345
3 0.06 0.8159 14002.78 0.0001 6.82 0.0796 1080.29 0.0001
4 1.00 0.3910 16986.78 0.0001 e 6272.67 0.0001
5 0.01 0.9284 119.64 0.0016 e 78.36 0.0030
Bioassavs of virus in soil'
8.04 0.0659 137.51 0.0013 28.30 0.0130 96.07 0.0023
8 WT and AalT = insects infected with AcNPV.WT or with AcNPV.AalT, respectively. Wt plots, AalT plots, and WT + AalT plots 
were those in which insects were released which had been infected with AcNPV.WT, AcNPV.AalT, or a 1:1 mixture infected with 
AcNPV.WT and AcNPV.AalT, respectively (Table 2.1). 
b Treatment F; treatment df = 1, replication df = 3 in every analysis.
c Treatment F = 0.61, P > F = 0.491, when WT and AalT percentages of mortality are combined for AalT infections in the AalT 
treatment plots (see Table 2.1 and text for explanation).
to
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d Treatment F = 61.18, P > F  = 0.004, when WT and AalT percentages of mortality are combined for AalT infections in the AalT 
treatment plots (see Table 2.1 and text for explanation). 
e Data were all zeroes.
1 Soil data were transformed to loge for analysis in order to satisfy normality assumptions.
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It is virtually certain that all of the insects in generation 1 of the AalT treatment 
(Table 2.1) were infected with AcNPV.AalT. The inocuia fed to the generation-1 larvae 
were confirmed by the DNA probes to be the correct NPVs; 100% of the generation-1 
cadavers in the AalT plots exhibited symptomatology of infection by AcNPV.AalT and 
AcJHE.SG, respectively; and there was no evidence of AcNPV.WT epizootics on 
plants after generation 1 or in the soil in the AalT plots (15% generation-1 prevalence 
of AcNPV.WT should have been more than sufficient to initiate epizootics of this virus 
with high prevalence rates). However, the shipment of generation-1 insects from 
Louisiana State University to the University of California, Davis, was temporarily lost in 
the mail and remained at room temperature for ca. 1 week. A corollary experiment 
indicated that the DNA probe for the AcNPV.WT virus hybridized with 100% of 
samples of insects treated with AcNPV.AalT regardless of whether the insects were 
frozen immediately after death or kept at room temperature for 6 d. On the other 
hand, the DNA probe for the AcNPV.AalT virus hybridized with 100% of AcNPV.AalT- 
treated insects that had been frozen but only 88% of those at room temperature. 
Thus, the actual prevalence rates of NPVs in generation-1 insects in the AalT plots 
probably were 0% AcNPV.WT and 86% AcNPV.AalT. The subsequent, occasional 
detection of single anomalous, AcNPV-WT-infected insects (e.g., in generation-4 
control and generation-3 AalT plots, Table 2.1) probably represents minor 
contamination by AcNPV.WT.
AcNPV.WT accumulated in the soil in greater amounts than AcNPV.AalT (Table 
2.1). AcNPV.WT in the WT treatment accumulated 46X as many POB/g soil as 
AcNPV.AalT in the AalT treatment, a difference significant at P=0.001 (Table 2.2). 
Similarly, in the WT+AalT plots, AcNPV.WT accumulated 304X as many POB/g soil as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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AcNPV.AalT, significant at P=0.002. However, the amounts of both NPVs in soil in the 
WT+AalT plots (Table 2.1) were only 1-2% as great as the amounts in the treatments 
in which the viruses were released individually, although this difference was significant 
for AcNPV.AalT (P<0.05) but not for AcNPV.WT (P>0.05).
AcNPV.WT vs. AcJHE.SG AcNPV.WT also out-competed AcJHE.SG on the 
insect host plant (Table 2.3). In the WT treatment (AcNPC.WT only released), 
AcNPV.WT produced epizootics in T. ni for eight generations. In the JHE.SG 
treatment (AcJHE.SG only released), prevalence of AcJHE.SG was significantly 
(P<0.05) lower than that of AcNPV.WT in the WT treatment in every generation except 
the sixth. In the treatment with both viruses released (WT+JHE.SG), prevalence of 
AcNPV.WT was significantly (P<0.05, Table 2.4) lower than that in the WT treatment 
in every generation except the sixth. AcJHE.SG prevalence in the WT+JHE.SG plots 
did not rebound after the second generation as did AcJHE.SG in JHE.SG plots. In the 
WT+JHE.SG treatment, prevalence of AcNPV.WT was significantly (P<0.05) greater 
than that of AcJHE.SG in generations 3-6 and 8 (Table 2.4). Prevalence of 
AcNPV.WT during week 7 averaged 65.8 (total n = 109) and 39.4 (n = 117) % 
mortality of insects in WT and in WT+JHE.SG plots, respectively. Prevalence of 
AcJHE.SG during week 7 averaged 20.8 (total n = 113) and 9.4 (n = 117) % mortality 
of insects in JHE.SG and in WT+JHE.SG plots, respectively. The mortality in control 
plots averaged 7.8 % (n =128) in week 7.
AcNPV.WT accumulated significantly more POB in soil than AcJHE.SG in the 
WT+JHE.SG plots (P=0.0009) (Table 2.4). However, in single virus plots, the 
accumulated number of AcNPV.WT POB/g soil was not significantly different from
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TABLE 2.3. Amounts of wild-type and recombinant NPV, indicated by bioassay of vegetation and soil, resulting from epizootics of wild-type 
(AcNPV.W T) or recombinant (AcJHE.SG) virus in Trichoplusia ni on coliards plants in a greenhouse microcosm
Insect Control11 w r JHE.SG0 W T + JHE.SG"
generation8 W T8 JH E .SG ' W T JHE.SG W T JHE.SG W T JHE.SG
Mean % mortality' ( ± SE ) in larvae on coliards leaves
1 0 0 96.0 ± 3.0 0 0.5 ± 1.0 93.0 ± 3 .0 33.6 ± 5.95 59.4 ± 4.4
2 0 0 38.3 ± 11.8 0 0 11.5 ± 1.8 10.2 ± 3 .0 3.1 ± 2 .6
3 0 0 72.7 ± 10.3 0 0.3 ± 0 .5 26.6 ± 9.7 24.2 ± 5.9 2.3 ± 3 .0
4 0 0 83.6 ±  5.3 0 1.8± 1.3 57.0 ± 2 3 .9 31.3 ± 13.5 7.0 ± 4 .7
5 0 0 82.8 ± 9.4 0 0.5 ± 1 . 0 67.2 ± 20.7 30.5 ± 15.4 10.2 ± 7 .8
6 0 0 28.9 ± 12.1 0 0 44.5 ± 12.6 23.4 ± 11.6 0
8 0 0 79.7 ± 24.3 0.8 ± 1.6 0 29.7 ± 18.5 23.4 ± 5.4 2.3 ± 1.6
Mean POB/q soil9 ( ± SE ) after 8 generations
0 0 1592 ± 
1398
0 0 1167 ± 
1584
292 ± 447 0
aWeek 7 is not included, due to problems in shipment of the samples.
bUninfected insects were released onto coliards in the greenhouse plots in every insect generation.
CAII released generation-1 insects were infected with AcNPV.WT or AcJHE.SG, respectively. Subsequent generations were 
released as healthy insects.
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
“Half of released generation-1 insects were infected with AcNPV.WT and half with AcJHE.SG. Subsequent generations were 
released as healthy insects.
eAmount of AcNPV.WT or AcJHE.SG, respectively, detected as disease prevalence in insects on coliards or by soil bioassay. 
'Percentage of insects dying and hybridizing with appropriate DNA probes. Those insects not hybridizing were assumed to be 
uninfected with AcNPV.WT or AcNPV.AalT. Each mean represents four replication with 32 insects sampled per replication 
9Polyhedral occlusion bodies (POB)/g soil were calculated from percentages of bioassay mortality according to the following 
standard curves: AcNPV.WT, curves Y = 0.342X + 3.41; AcJHE.SG, Y = 0.249X + 3.90, where Y = probit % mortality and X = log 
POB/g soil.
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TABLE 2.4. Results of analyses of variance (General Linear Models Procedure, SAS Institute, 1996) comparing certain treatments 
within each insect generation or within the soil bioassay (see Table 2.1)a of the AcNPV.WT versus AcJHE.SG experiment
Insect W T  (in W T  plots) vs. W T  
(in W T  + JHE.SG plots)
W T  (in W T  plots) vs. 
JHE.SG (in JHE.SG plots)
JHE.SG (in JHE.SG plots) 
vs. JHE.SG (in W T  + 
JHE.SG plots)
W T vs. JHE.SG (both in 
W T  + JHE.SG plots)
generation1* Fc P > F Fc P > F Fc P > F Fc P > F
Prevalence of virus in larvae on coliards leaves
1 48.07 0.0001 0.03 0.8594 29.40 0.0001 1.78 0.1866
2 10.24 0.0020 14.27 0.0012 0.39 0.5358 0.64 0.4263
3 30.37 0.0001 27.50 0.0001 7.59 0.0074 6.20 0.0151
4 35.47 0.0001 9.13 0.0035 32.36 0.0001 7.60 0.0074
5 35.47 0.0001 3.16 0.0797 42.10 0.0001 5.34 0.0237
6 0.39 0.5358 3.16 0.0797 25.67 0.0001 7.11 0.0095
8 40.96 0.0001 32.36 0.0001 9.68 0.0027 5.76 0.0190
Bioassavs of virus in soil*1
6.70 0.027 0.51 0.4930 63.42 0.0001 21.75 0.0009
®WT and JHE.SG = insects infected with AcNPV.WT or with AcNPV.JHE.SG, respectively. Wt plots, JHE.SG plots, and WT + 
JHE.SG plots were those in which insects were released which had been infected with AcNPV.WT, AcNPV.JHE.SG, or a 1:1 mixture 
infected with AcNPV.WT and AcNPV.JHE.SG, respectively (Table 2.3). 
bDue to shipment problem, samples from week 7 had to be deleted.
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‘Treatment F; treatment df = 1, replication df = 3 in every analysis.
dSoil data were transformed to loge for analysis in order to satisfy normality assumptions.
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AcJHE.SG (P=0.4933) (Table 2.4). The amounts of both NPVs in soil in the 
WT+JHE.SG plots (Table 2.3) were significantly lower than amounts in the treatments 
in which the viruses were released individually (for AcJHE.SG, P<0.0001; for 
AcNPV.WT, P=0.0270). The slopes of Taylor’s power law regressions (Table 2.5) 
were not significantly >1 for either AcNPV.WT (P = 0.481) or AcJHE.SG (P = 0.108). 
AcNPV.WT and AcJHE.SG at the conclusion of the 8-week experiment were randomly 
distribution in soil.
DISCUSSION
It is not surprising that AcNPV.WT out-competed AcNPV.AalT and AcJHE.SG for 
the insect resource on host plants. AcNPV.AalT produces only 20% (Kunimi et al., 
1996) and AcJHE.SG only 34% (Fuxa et al., 1998) as many viral POB as AcNPV.WT 
in T. ni. Additionally, only 10% of T. ni killed by AcNPV.AalT and 30% of T. ni killed by 
AcJHE.SG disintegrate by day 4 after death, compared to 100% of those killed by 
AcNPV.WT after 1 day (Fuxa et al., 1998). Thus, it is likely that smaller amounts of 
the recombinant viruses, particularly AcNPV.AalT, than wild-type virus, are released 
onto the leaves of host plants (Hoover et al., 1995), where new generations of insects 
can ingest it and become infected. Thus, in single virus plots, AcNPV.WT produced 
continuous epizootics in up to seven new generations of uninfected insects (Table 2.3). 
AcJHE.SG prevalence in weeks 2-7 was generally lower than that of AcNPV.WT 
(Table 2.3), and AcNPV.AalT almost disappeared in the first generation of uninfected 
insects (generation 2, Table 2.1). More importantly, both recombinant viruses were 
out-competed by AcNPV.WT in the direct-competition plots (Table 2.1-2.4). Thus, 
AcJHE.SG, the intermediate virus in terms of replication and disintegration, is also 
intermediate in terms of causing epizootics, but it still cannot compete with AcNPV.WT.
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Table 2.5. Comparison of the coefficients from Taylor Power Law3 for populations of recombinant and wild-type 
nucleopolyhedroviruses in soil (n=4 for each NPV)b
Virus Log a + SE b+SE r2 F Probability > F
F testing 
b=1
Probability > F 
for b=1
AcJHE.SG 2.38 ± 6.65 1.75 ±0.87 0.668 4.02 0.183 0.75 0.481
AcNPV.WT -7.92 ± 5.71 3.11 ±0.75 0.895 17.00 0.054 7.83 0.108
3 Log s2 = b log ( x ) + log a, or the regression of log variance (s2) on log mean ( x ). 
b Regression and General linear model procedures (SAS Institute, 1996).
Dynamics of the recombinant NPV were not as easy to predict in soil as on insect 
host plants. The wild-type NPV could increase to greater levels then the recombinant 
in soil, because the wild-type virus contaminates leaves and continues to infect and 
replicate in host insects (Table 2.1 and Table 2.3). On the other hand, AcNPV.AalT 
and perhaps AcJHE.SG could increase to greater levels than wild-type virus in soil, 
because the wild-type virus in cadavers disintegrating on leaves is more exposed to 
ultraviolet (UV) radiation in sunlight, which inactivates NPVs within hours (Benz, 1987), 
than recombinant NPV, particularly AcNPV.AalT, in intact cadavers that have fallen to 
the soil surface beneath plants (Cory et al., 1994; Hoover et al., 1995). The current 
results indicate clearly (Tables 2.1, 2.2, 2.3, 2.4) that, if recombinant viruses and wild- 
type virus are given the opportunity to recycle or replicate in several insect generations 
in a greenhouse, then the wild-type virus will increase to greater population densities in 
soil than the recombinant. The smaller populations of both NPVs in soil in the mixed 
viruses (WT+AalT, WT+AcJHE.SG) plots compared to soil populations in the single 
virus release plots probably were due to a combined effect of competition and lower 
generation-1 prevalence (inoculum) in the mixed viruses plots.
Dispersion of pathogen units may affect their probability of encountering members 
of the host population (Tanada and Fuxa, 1987). Burges and Hussey (1971) 
hypothesized that pathogens are unevenly distributed in nature. However, populations 
of AcJHE.SG and AcNPV.WT were randomly distributed over soil. It is likely that 
disintegration of virus-killed larvae followed by precipitation (watering) caused this 
dispersion pattern. On coliards leaves, dispersion of AcNPV.WT was random, but 
populations of AcNPV.AalT and another AcNPV-JHE recombinant were clumped 
(Fuxa etal., 1998).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
An important result of the current research was that the methods were used 
successfully to induce replicated, 8-week epizootics of AcNPV.WT in micro-plots in an 
environmentally controlled, artificial setting. This should enable researchers to answer 
certain ecological questions about NPV epizootics when controlled conditions are 
necessary or when research in a natural setting is undesirable for regulatory or other 
reasons.
Our results reduce the level of concern about the possibility of environmental harm 
due to release of AcNPV.AalT and AcJHE.SG. The possible harmfulness of 
recombinant organisms to non-target organisms in the environment is difficult to 
predict (Fuxa, 1990). Therefore, the probability that a released recombinant will 
contact non-target organisms (exposure assessment) becomes a critical issue in risk 
assessment. In the case of living organisms, this probability of contact is largely a 
function of the recombinant’s capability to persist, increase in numbers, and move or 
be transported away from the release site (Fuxa, 1990). The inability of the 
recombinant virus to compete with wild-type virus in the current research increases the 
probability that populations of the recombinant will decrease after release, which in 
turn reduces its environmental risk.
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CHAPTER 3
CONSUMPTION AND DEFECATION OF RECOMBINANT AND WILD-TYPE 
NUCLEOPOLYHEDROVIRUSES BY SCAVENGING AND PREDATORY
ARTHROPODS
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INTRODUCTION
Nucleopolyhedroviruses (NPV) are popular subjects of genetic engineering for 
improved insect pest management. A major advantage of these viruses in insect 
control is their environmental safety (Laird et al., 1990). The NPVs, though virulent in 
terms of their case-fatality rates, generally require approximately one week to kill the 
host insect. This slow speed is deleterious to a user who expects quick action (Fuxa, 
1991a). Recombinant NPVs are being developed with increased speed of kill 
(Bonning and Hammock, 1996). Two major approaches to such research include the 
engineering of Autographa californica NPV (AcNPV) to express a highly specific insect 
toxin (AalT) from the Algeria scorpion Androctonous australis Hector (AcNPV.AalT) 
(McCutchen et al., 1991; Stewart et al., 1991) and to express a mutated juvenile 
hormone esterase (JHE) gene (AcJHE.SG). AcNPV.AalT reduces time of kill by 30% 
compared to wild-type AcNPV and stops insect feeding approximately 8 to 10 hours 
prior to death (McCutchen et al., 1991; Kunimi et al., 1996). AcJHE.SG reduces 
feeding damage by 66%, and its lethal times are 20% to 30% lower than for wild-type 
virus (Bonning et al., 1995).
The recombinant-DNA revolution raises questions about environmental releases of 
genetically engineered agents such as NPVs. Recombinants may have pathogenicity 
for the wrong hosts or unusual evolutionary potential (Fuxa, 1987). They might be 
unpredictable in the environment and could themselves become pest species as have 
many other accidental and intentional biological introductions. Another concern is that 
there might be unintended transfer of genetic material from a recombinant to other 
organisms, thereby creating a new pest even if the recombinant itself is safe.
“Risk assessment,” the process of obtaining quantitative measures of risk levels 
(Fiksel and Coveilo, 1986), is necessary for registration of viral insecticides. Because
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
we cannot state with absolute certainty that a recombinant NPV will be harmless to all 
non-target organisms (NTO), then knowledge of a recombinant’s capability for 
persistence and spread becomes important in terms of an “exposure assessment” 
component of risk assessment. Exposure assessment is the quantitative or qualitative 
evaluation of an organism’s exposure to an environmental hazard (Anonymous, 1988).
Natural strains or isolates of NPVs clearly are capable of environmental 
persistence and spread. Biotic agents such as predators, parasites, scavengers of 
host insects, and grazing mammals can contribute to short-and long-range transport of 
NPVs (Fuxa, 1991b). Predatory arthropods and scavengers can transport wild-type 
NPVs when they eat virus-infected caterpillars and subsequently defecate viable NPV 
(Capinera & Barbosa 1975; Stairs, 1965). The spined soldier bug, Podisus 
maculiventris (Say), which feeds primarily on lepidopteran and coleopteran larvae 
(McPherson, 1982), transports wild-type NPVs in nature (Fuxa et al., 1993). There is 
evidence that scavenging flies, such as Sarcophaga bullata (Parker), feed on NPV- 
killed caterpillars in nature and are potential agents of viral transport (Stairs, 1965; 
Hostetter, 1971). The house cricket, Acheta domesticus (Linnaeus), is an omnivorous 
scavenger and therefore might ingest virus-killed larvae and thereby transport 
recombinant NPVs.
Thus, understanding the impact of genetically engineered entomopathogens on 
NTO, as well as the potential dispersal by NTO of recombinant NPVs, is important for 
risk assessment and, eventually, successful biological control. The purpose of this 
research was to determine 1) whether these three NTO will ingest larvae infected with 
recombinant NPV; 2) direct harmfulness to NTO from ingesting recombinant-virus- 
infected larvae; and 3) the amount of viable recombinant virus voided by NTO after 
ingesting virus-infected larvae.
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MATERIALS AND METHODS
Insects Trichoplusia ni (Hubner) eggs were provided by Thermo Trilogy 
Corporation (Wasco, CA). The larvae were reared in individual 30-ml cups on artificial 
diet (Green et al., 1976).
Sarcophaga bullata pupae were obtained from Carolina Biological Supply 
Company (Burlington, NC) and placed in a 21X 12 cm styrene chamber for 
emergence. Podisus maculiventris, spined soldier bugs, originally were collected from 
soybean near Baton Rouge, LA, and were reared continuously in our laboratory. Third 
to fifth instar T. ni were fed to the bugs, one larva for each P. maculiventris per day. 
Sarcophaga bullata and P. maculiventris were starved for 24 h prior to experiments. 
Acheta domesticus were obtained from Dr. J. P. Woodring (Department of Biological 
Sciences, Louisiana State University, Baton Rouge). Acheta domesticus were starved 
for 5 d prior to experiments.
Viruses A wild-type Autographa califomica NPV (AcNPV.WT) was produced in 
laboratory-reared T. ni larvae. AcNPV.WT was a plaque purified isolate, AcNPV-C6, 
from BioSys, Inc. (now Thermo Trilogy Corporation). AcJHE.SG and AcNPV.AalT 
were obtained from Dr. B. D. Hammock (Department of Entomology, University of 
California, Davis).
Scavenger Feeding-Choice Experiments Larvae of T. ni were infected and killed 
in the sixth instars by one of the three viruses (AcNPV.WT, AcNPV.AalT, or 
AcJHE.SG). Each fifth instar larva was exposed to 106 polyhedral occlusion bodies 
(POB) by diet surface contamination. Four dead larvae were placed in a 150 X 15 mm 
petri dish, with each larva evenly spaced into one quadrant and near the edge of the 
dish. The four larvae included one killed immediately before the experiment by cold 
temperature but not frozen, and one each killed by the three types of virus within 24 h
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prior to the experiment. An adult S. bullata was placed in the center of the petri dish 
and observed for 15 min. There were 25 replications of this experiment. The same 
procedure was used for A. domesticus except that the size of the petri dish was 150 X 
25 mm. “Contact time” and “feeding time" were recorded during the 15-min test 
period. “Contact time" was the duration (seconds) in which S. bullata or A. domesticus 
touched any part of the cadaver. “Feeding time” was the duration in which S. bullata 
extended the proboscis to the cadaver, or in which A. domesticus chewed the cadaver.
Viral Effects on Non-Target organisms (NTO) The predator and two scavengers 
were fed virus-infected insects in a non-choice experiment. For S. bullata, one adult 
was placed in a 100 X 15 mm petri dish with filter paper lining the bottom. Each fly 
was given one of five food sources (treatments): a T. ni cadaver killed in the sixth 
instar by one of the three viruses (AcNPV.WT, AcNPV.AalT, or AcJHE.SG); a T. ni 
cadaver killed in the sixth instar by cold temperature; or 1 ml of 10% sucrose in distilled 
water added directly to the filter paper. The experiment was replicated four times, and 
there were 25 flies per treatment per replication. The petri dishes were incubated at 
27 °C and 14:10 (L:D) hour photoperiod, and the S. bullata were checked daily for 
mortality. The same procedure was used for P. maculiventris and A. domesticus 
adults except that there was no 10% sucrose treatment and the petri dish for A. 
domesticus was 150 X 25 mm.
Viral Defecation Experiment Podisus maculiventris adults were fed one of four 
different types of prey: healthy T. ni larvae (control group); larvae infected with 
AcNPV.WT; larvae infected with AcNPV.AalT; or larvae infected with AcJHE.SG. The 
prey insects were infected in the second instar with the appropriate NPV by diet 
surface contamination, and they exhibited signs of viral disease by the fourth instar 
when they were used in the experiment. A single T ni larva and one P. maculiventris
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adult were placed on a moistened filter paper disk in a 100 X 15 mm petri dish. The 
predator was observed for feeding activity (insertion of stylet); as soon as it stopped 
feeding, it was transferred to a similar dish with damp filter paper in the bottom and fed 
uninfected T. ni larvae. NPV infection was confirmed in the remains of the initial prey 
larva by phase microscopy. Each predator was transferred every day for 10 d to a new 
petri dish containing filter paper and an uninfected T. ni larva. Each day, the old petri 
dish with the filter paper was stored at -20°C until it was bioassayed for viral activity. 
Each treatment included 10 bugs, and the experiment was replicated three times (30 
bugs per treatment).
Viral activity in the feces was bioassayed by a diet-contamination technique. Each 
filter paper disk was macerated with a glass rod in 5 ml of 2% KCI, and 0.1 ml of this 
suspension was inoculated onto the diet surface in a 30-ml cup. Each disk was 
bioassayed with 30 neonatal T. ni.
The entire experiment was repeated with S. bullata or A. domesticus instead of P. 
maculiventris, except that larvae killed by NPV or cold temperature (control) were fed 
to these scavengers.
The numbers of POB voided by each insect were estimated by means of standard 
curves. For each standard curve, five known concentrations of the appropriate virus 
were placed by micropipette on 9 cm-diameter filter-paper disks. POB were counted 
with a Petroff-Hausser counting chamber and stored at 4°C until use. After drying, the 
disks were macerated as above, in 2% KCI, and bioassayed as above with 30 neonatal 
T. ni per concentration of each virus.
Data Analyses Data were analyzed with SAS programs (SAS Institute, 1996) and 
a STATISTICA program (Anonymous, 1995). The feeding-choice and viral defecation 
data for P. maculiventris were subjected to analysis of variance in the General Linear
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Models procedure, with the Fisher least significant difference (LSD), or Tukey HSD 
Test among means (SAS Institute, 1996). The Chi-square (x2) test was used to 
analyze the feeding-choice data for S. bullata, because adults of this insect mostly 
remained on one type of cadaver. Regression analysis of standard curves for 
estimating virus amount voided from three NTOs were transformed into logit and 
obtained by the PROC REG procedure. The viral defecation rates from three NTOs 
were subjected to random regression in the PROC MIXED procedure. The cumulative 
survival curves of NTO after ingesting virus-infected and uninfected larvae were 
analyzed by the Kaplan-Meier product-limit estimator for significant differences among 
survival times, and pairwise comparisons were made using the log linear rank test 
(Kalbfleisch and Prentice, 1980) in the STATISTICA personal computer program 
(Anonymous, 1995)
RESULTS
Scavenger Feeding-Choice Experiments The type of virus killing T. ni did not 
affect contact time or feeding time of S. bullata (contact time x = 1.4, df = 3, P = 0.69; 
feeding time x2 = 1.4, df = 3, P = 0.69) or of A. domesticus (contact time F  = 0.64; df = 
27, 72; P = 0.59; feeding time F= 1.13; df = 27, 72; P = 0.34) (Table 3.1). Generally, 
each individual A. domesticus spent similar contact and feeding time periods at all four 
types of cadavers during the 15 min test period. On the other hand, each individual of 
S. bullata mostly remained on one type of cadaver, although, as a group, these 
scavengers again contacted and fed on all four treatments equally.
Viral Effects on NTO Mortality of S. bullata feeding on T. ni cadavers reached 
80% by day 9, but mortality of S. bullata fed on sugar water was < 5% (Fig. 3.1). S. 
bullata fed on sugar water survived significantly longer (P=0.0001) than those fed on
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Table 3.1. The log contact time3 (seconds) and feeding timeb (seconds) by S. bullata and A. domesticus 
on larvae of T. ni killed by cold temperature (control) or by one of four types of NPV.
Virus treatment
S. bullata A. domesticus
Contact time±SD Feeding time±SD Contact time±SD Feeding time±SD
Control (uninfected) 5.2 ± 2.1a 5.1 ± 2.1a 4.4 ± 2.2a 4.6 ± 1.1a
AcNPV.AalT 5.1 ± 1.5a 5.0 ± 1.5a 4.6 ± 1.8a 4.7 ± 1.4a
AcJHE.SG 5.5 ± 1.3a 4.3 ± 1.4a 4.0 ± 1.8a 4.0 ± 1.4a
AcNPV.WT 5.5 ± 1.5a 5.3 ± 1.4a 3.9 ± 2.5a 4.4 ± 1.3a
Means in each column followed the same letter are not significantly different (Chi-square test for S. bullata, 
df =3; Tukey HSD test for A. domesticus, df =72).
3 Contact time was the time duration in which S. bullata or A. domesticus touched any part of the cadaver, 
during a total observation time of 15 min.
b Feeding time was the duration in which extending the proboscis to the cadaver of S. bullata and chewing 
action of the mouthparts of A. domesticus.
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Fig. 3.1. Cumulative percentage survival of S. bullata after ingesting wild-type or recombinant-virus-
infected larvae versus uninfected larvae (control, killed by low temperature) or 10% sucrose.
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Table 3.2. Kaplan-Meier product limit estimates and pairwise comparisons of overall time/survival data by a Log Linear Rank 
Test for P. maculiventris, S. bullata, and A. domesticus after ingesting wild-type or recombinant virus-infected larvae.
P. maculiventrisa A. domesticusb S . bullatac
Virus AcNPV.AalT AcJHE.SG AcNPV.WT AcNPV.AalT AcJHE.SG AcNPV.WT AcNPV.AalT AcJHE.SG AcNPV.WT
10% Sugar 
Water
Control" 1.0266 1.2539 0.8054 03675 -0.3732 05204 2 3704 2.0683 2.6764 10.8669
FMJ.3037 P=0.2099 P=0.4206 P=0.7132 P=0.7090 P=0.6028 P=0.0178 P=0.0386 P=0.0074 P<0.0001
AcNPV.AalT - -0.2231 -0 2457 0.0086 0.1554 - 0.3185 0.2031 11.9921
P=0.8235 P=0.8059 P=0.9932 P=0 8765 P=0.7501 P=0.8390 P<0.0001
AcJHE.SG - -0.4561 
P=0.6483
- 0 1554 
P=08765
- 0.5302
P=0.5959
11.8650
P<0.0001
AcNPV.WT 12.3695
P<0.0001
aX2=165,  df = 3, P = 0.6475 
*’ X 2 = 0.27, d f=  3, P = 0.9658 
c x2 = 184.3797, df = 4, P < 0.0001
d P. maculiventris offered healthy larvae; A. domesticus and S. bullata offered larva killed by cold temperature.
.b.
00
any type of cadaver (Table 3.2). The cumulative survival curves did not differ 
significantly among flies feeding on one of the three types of virus-infected cadavers. 
However, flies fed T. ni larvae killed by any of the three viruses had lower survival than 
flies fed larvae killed by cold temperature (control).
The cumulative survival curves of A. domesticus after ingesting the four types of 
cadavers, including the control group, were not significantly different (Fig. 3.2, Table
3.1). However, A. domesticus mortality was lower than that of S. bullata. By day 10, 
cricket survival was > 80% for all four treatments.
Cumulative survival of P. maculiventris ingesting control (non-infected) larvae was 
significantly higher (P = 0.0001) than those ingesting virus-infected larvae (Fig. 3.3, 
Table 3.2). By day 10, predator mortality in all treatments was < 10%. Cumulative 
survival of P. maculiventris did not differ significantly (P = 0.6475J among the predators 
ingesting the three types of virus-infected larvae (Table 3.2).
Viral Defecation Experiment All three NTOs, the predator P. maculiventris and 
the scavengers A. domesticus and S. bullata, fed on T. ni larvae regardless of whether 
the latter were uninfected or infected with a virus. The number of POB voided by the 
three NTO was estimated by bioassay of the filter paper substrate in conjunction with 
standard curves. The standard curves for the three viruses were: Y = -3.1927 + 
0.5284 log X a c n p v .w t  for AcNPV.WT, Y = -2.8938 + 0.5173 log X a c n p v Aarr for 
AcNPV.AalT, and Y = -3.1103 + 0.4692 log X Acjhe.sg for AcJHE.SG, where Y = logit 
mortality and X = POB per insect voided onto the filter paper substrate. The average 
number of viral polyhedral occlusion bodies voided by individual P. maculiventris, S. 
bullata, or A. domesticus decreased over time after the wild-type or recombinant virus- 
infected larvae were ingested (Table 3.3). More than 87% of all three viruses in all 
three insect species was voided during the first 5 days. The three NTO ingesting
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Fig. 3.2. Cumulative percentage survival of A. domesticus after ingesting wild-type or recombinant-
virus-infected larvae versus uninfected larvae (control, killed by low temperature).
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Fig. 3.3. Cumulative percentage survival of P. maculiventris after ingesting wild-type or
recombinant-virus-infected larvae versus uninfected larvae (control).
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Table 3.3. Mean number of viral polyhedral occlusion bodies ± SE voided by individuals of P. maculiventris, S. bullata, or A. 
domesticus at various times after ingesting wild-type or recombinant virus-infected larvae.
P. maculiventris
S. bullata A. domesticus
Day a c n pv .w t acjhe.sg AcNPVAalT acnpv .w t acjhe .sg AcNPVAalT acnpv .w t acjhe.sg AcNPV.AalT
1 5449± 7338 10937± 8745 2822± 1772 755414232 16951110729 42341 2203 12187111162 45020117890 147821 9148
2 3532± 1574 6461±3817 1704± 1023 309912207 95491 7652 198611495 26311 2505 23783117100 71051 5453
3 2350± 1094 3731± 1938 1076± 518 16631 797 416211899 10721 739 10761892 406412182 11351681
4 1696± 638 2480± 1470 762± 290 10361 618 21881 1667 4301276 4391 270 14941474 2801215
5 1083± 413 1527± 804 6491303 4741 419 10641 861 2841 320 4151274 171511330 6781 531
6 865± 298 1157± 640 409± 234 3701 281 10761 924 209± 165 3831 214 4261 362 2711221
7 573± 280 757± 419 279± 176 2171155 3841 252 1201 70 3721 265 2641181 3601312
8 319± 169 559± 340 190± 133 1541103 2661173 105164 4211411 2291147 2601 246
9 145± 80 208± 132 97± 61 121156 2401 203 74144 1491108 2111170 1621157
10 78± 42 97± 60 49± 32 74140 1541 135 381 19 1081 77 1841 162 60140
Total 16025±7100 27919± 15674 798113723 146811 5682 36028116705 851013568 181741 12976 770731 28349 25031111182
AcJHE.SG-infected larvae voided significantly more POB than those ingesting the 
other two viruses (Table 3.4). P. maculiventris and S. bullata ingesting AcNPV.AalT- 
infected larvae voided significantly fewer viable POB than those ingesting the other two 
viruses, whereas A. domesticus ingesting AcNPV.WT-infected larvae voided the 
fewest viable POB (Table 3.4). Viable NPV were never detected in the feces of the 
three NTO after ingesting uninfected T. ni larvae (control).
The coefficients of the regression lines for voiding of wild-type or recombinant POB 
by the three NTO were compared (Table 3.5). All Intercepts and slopes were 
significantly different from zero. Slopes of the regression lines represent the decrease 
over time of viable POB voided by NTO and are compared statistically in Table 3.6. 
Podisus maculiventris voiding of AcJHE.SG decreased significantly faster than 
AcNPV.WT (P=0.0407) or AcNPV.AalT (P=0.0011). Similarly, A. domesticus voiding 
of AcJHE.SG decreased significantly faster than AcNPV.WT (P -0 .0001 ) or 
AcNPV.AalT (P=0.0007), and A. domesticus voiding of AcNPV.AalT decreased 
significantly faster than AcNPV.WT. For S. bullata, there was no significant difference 
in voiding rates of the three viruses.
DISCUSSION
The predator P. maculiventris and scavengers S. bullata and A. domesticus are 
potential transport agents of the wild-type and recombinant baculoviruses tested in the 
current research. All three insects fed on larvae infected or Killed by each of the 
viruses, regardless of whether the cadavers were liquified (AcNPV.WT) or intact. Just 
as important, the feces of these insects contained large amounts of viable virus (Table 
3.3). It is possible that small amounts of NPV were transferred to assayed filter paper 
by mouthparts or other body parts, but such large amounts of NPV (Table 3.3) must 
have been deposited by means of feces. Sarcophagid flies feeding on NPV-killed
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Table 3.4. Least significant difference pairwise comparisons of the total mean number of viral polyhedral occlusion bodies 
voided by individuals of P. maculiventris, S. bullata, and A. domesticus.
P. maculiventris S. bullata A. domesticus
Virus AcNPV.
WT
AcJHE.S
G
AcNPV.Aa
IT
AcNPV.W AcJHE.S AcNPV.Aa 
T G IT
AcNPV.W AcJHE.S 
T G
AcNPV.Aal
T
a c n p v .w t --- F =  3 0 . 3 6  
P =  0 . 0 0 0
4
F=  6 6 . 2 5  
P = 0 . 0 0 0 1
—  F = 5 6 . 2 8  
P = 0 . 0 0 0
4
F =  2 0 . 6 7  
P = 0 . 0 0 0 1
—  F =  1 5 6 . 6 7  
P ^ 0 . 0 0 0 1
F =  1 2 . 6 3  
P = 0 . 0 0 0 4
a c j h e .s g
1
F = 1 8 6 . 2 5  
P = 0 . 0 0 0 1
1
F = 1 4 3 . 9 3
P = 0 . 0 0 0 1
— F = 8 0 . 4 4
P = 0 . 0 0 0 1
For P. maculiventris df = 823; for S. bullata df = 812; for A. domesticus df = 816
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Table 3.5. Coefficients of the regression lines3 for voiding of wild-type and recombinant POB by predatory 
and scavenging insects.
Virus a + SE T Probability > 7 b+SE T Probability > 
T
AcNPVAalT 8.225±0.123 66.67
P. maculiventrisb 
0.0001 -0.423l0.014 -30.79 0.0001
a c jh e .s g 9.58410.123 77.87 0.0001 -0.476l0.014 -34.89 0.0001
ac n pv .w t 9.03710.123 38.36 0.0001 -0.443i0.014 -32.24 0.0001
AcNPV.AalT 8.22H0.106 77.61
S. bullatac 
0.0001 -0.488+0.015 -31.74 0.0001
ac jh e .s g 9.768±0.106 92.48 0.0001 -0.531l0.015 -34.81 0.0001
a c n pv .w t 8.800±0.106 82.99 0.0001 -0.492+0.016 -31.69 0.0001
AcNPV.AalT 8.819±0.177 49.70
A. domesticusd 
0.0001 -0.507l0.025 -20.51 0.0001
Acjhe .s g 10.414±0.17
8
8.190±0.177
58.50 0.0001 -0.642l0.025 -25.80 0.0001
a c n p v .w t 46.18 0.0001 -0.380l0.025 -15.41 0.0001
a Log (POB number/insect day) = b 'day + a. Data were transformed to loge for analysis in order to satisfy 
normality assumptions. Regression and General linear model procedures (SAS Institute, 1996).
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Table 3.6. Least significant difference pairwise comparisons of the rate of decrease in voiding3 of number of viral polyhedral 
occlusion bodies by P. maculiventris, S. bullata, and A. domesticus.
Virus
P. maculiventris S. bullata A. domesticus
AcNPV.W AcJHE.S 
T G
AcNPV.Aal
T
AcNPV.WT AcJHE.S 
G
AcNPV.Aal
T
ac n pv .w t  acjh e .sg AcNPV.Aal
T
a c n p v .w t —  7=-2.05 7=1.21 — 7=-1.68 7=0.25 — 7=-9.08 7=4:41
P=0.0407 P=0.2251 P=0.0938 P=0.8061 P=0.0001 P=0.0001
a c jh e .s g — T--3.27 — 7=-1.93 — ' 7=-4.69
P= 0.0011 P=0.0535 P=0.0001
AcNPVAalT
aSlopes of regression lines in Table 3.5. For P. maculiventris df = 823;for S. bullata df = 812;for A. domesticus df = 816
CJ1
caterpillars in nature previously were identified as potential agents of viral transport by 
voiding NPV in feces (Stairs, 1965; Hostetter, 1971). Similarly, P. maculiventris voided 
infectious wild-type NPV after feeding on NPV-infected larvae (Abbas and Boucias, 
1984; Young and Yearian, 1987; Fuxa and Richter, 1994). There has been no 
previous research of house crickets ingesting NPV-infected cadavers, but this 
omnivorous insect is a likely scavenger of any lepidopterous cadaver that remains 
intact and falls to the ground, as is the case with caterpillars killed by AcNPV.AalT.
Individual P. maculiventris, S. bullata, and A. domesticus voided sufficient amounts 
of all three viruses to infect a large number of new hosts. Crickets voided more NPV 
than the other two insects, probably due to their larger size. Within five days, each 
individual predator and scavenger voided more than 1000X the viral LD50 for neonatal 
Heliothis virescens (Fabricius) (Bonning et al., 1995) or Pseudoplusia includens 
(Walker) (Kunimi et al., 1997) and more than 100X the viral LD50 for third instar P. 
includens (Kunimi et al., 1997) for all three types of virus. Even at day 10, the number 
of POB voided by the predator and scavengers was more than 10X the viral LDS0 for 
neonatal H. virescens, T. ni (Bonning et al., 1995), or P. includens (Kunimi et al., 1997) 
(Table 3.3). Podisus maculiventris walks at about 1.88 cm/s (Heimpel and Hough- 
Goldstein, 1994), which implies that this predator could potentially transport virus as far 
as 3 km within 10 d. Rates of travel are not known for S. bullata or A. domesticus, but 
S. bullata is a strong flier, and A. domesticus actively walks and hops. Thus, both 
scavengers also could carry viruses over significant distances over a period of 10 d.
The three NTO all defecated more AcJHE.SG than the other viruses (Tables 3, 4). 
One likely explanation is that larvae infected by AcNPV.WT and AcJHE.SG produce 
more POB than those with AcNPV.AalT (Kunimi et al., 1996; Fuxa et al., 1998). A 
possible reason for greater voiding of AcJHE.SG than AcNPV.WT is that AcNPV.WT-
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killed larvae disintegrate more rapidly than those killed by AcJHE.SG (Fuxa et al., 
1998), and thus some POB of AcNPV.WT may have leached into the filter paper 
where it could not be ingested. Greater amounts of AcNPV.AalT than AcNPV.WT 
voided by A. domesticus are difficult to explain, unless perhaps the small, intact 
AcNPV.AalT cadavers (Fuxa et al., 1998) were easier for crickets to ingest entire, 
without loss of POB. The decrease in POB voided over time (Tables 3.5, 3.6) 
depended on the number of POB voided on day 1 (Table 3.3); the more POB voided 
on day 1, the greater was the rate of decrease in POB voided.
The recombinant viruses AcNPV.AalT and AcJHE.SG did not kill P. maculiventris, 
S. bullata, or A. domesticus at rates any greater than that by wild-type virus. Thus, 
direct effects by the recombinant viruses on NTO probably are similar to those by wild- 
type NPV. However, mortality of P. maculiventris and S. bullata fed on T. ni larvae 
infected with AcNPV.AalT, AcJHE.SG, or AcNPV.WT was significantly higher than 
those fed on uninfected T. ni (Figs. 3.1, 3.2 and 3.3, Table 3.1), indicating that virus- 
infected larvae may not be as good a food source as healthy larvae. The high 
mortality of S. bullata fed on all four types of cadaver, including T. ni larvae killed by 
cold temperature, indicated that lepidopterous cadavers are not a suitable food for 
them. Any detrimental effects of NPV-infected prey on P. maculiventris were minimal, 
because the average mortality in all treatments after 10 d was < 10% (Fig. 3.2, Table
3.1). Although AcNPV.WT has a broader host range than most baculoviruses, this 
range is limited strictly to lepidopteran species (Granados and Williams, 1986).
in terms of risk assessment, the current results are mixed. The probability of 
environmental harm is a product of six probabilities: 1) release, 2) survival, 3) 
multiplication, 4) dissemination, 5) transfer of genetic information, and 6) harm (Levin, 
1982). The recombinant viruses AcNPV.AalT and AcJHE.SG did not harm the three
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NTO tested in the current research, and thus probability number 6 is reduced. 
However, this research clearly demonstrated that AcNPV.AalT and AcJHE.SG can 
potentially be transported by the predator and the two scavengers away from a release 
site, which increases probability number 4, that of spread and potential exposure of 
other non-target organisms. Previous research concluded that AcNPV.AalT and 
AcJHE.SG are likely to be out-competed by wild-type virus in the environment (Fuxa et 
al., 1998), which in turn reduces probability numbers 2 and 3. Further research is 
necessary to confirm transport and spread of the recombinant NPVs by these NTO 
and to test additional hypotheses relevant to risk assessment and eventual registration 
of recombinant-viral insecticides for pest control.
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INTRODUCTION
Nucleopolyhedroviruses (NPV) are being developed as microbial insecticides due 
to their specific host ranges (Entwistle and Evans, 1985) and virulence to pests (Fuxa, 
1991a). However, certain weaknesses, such as slow kill, have hindered their success 
as viral insecticides. Therefore, recombinant NPVs are being developed with 
increased speed of kill (Bonning and Hammock, 1996). Two major approaches to 
such research include the engineering of Autographa califomica (Speyer) NPV 
(AcNPV) to express a highly specific insect toxin (AalT) from the Algeria scorpion 
Androctonous australis Hector (AcNPV.AalT) (McCutchen et al., 1991; Stewart et al., 
1991) and to express a mutated juvenile hormone esterase (JHE) gene (AcJHE.SG). 
AcNPV.AalT reduces time of kill by 30% compared to wild-type AcNPV and stops 
insect feeding approximately 8 to 10 hours prior to death (McCutchen et al., 1991; 
Kunimi et al., 1996). AcJHE.SG reduces feeding damage by 66%, and its lethal times 
are 20% to 30% lower than for wild-type virus (Bonning et al., 1995).
As with any novel insecticide, the potential environmental impact of a recombinant 
NPV must be evaluated prior to its release into the environment (Richards ef al., 1998). 
Concerns about environmental releases of recombinant NPVs, such as pathogenicity 
for the wrong hosts, unusual evolutionary potential, or unpredictability in the 
environment, are related to their potential for environmental persistence and 
subsequent transport and dispersal (Rissler, 1983). Even an agent harmful to some 
environmental component might have low risk if it cannot persist or spread.
Wild-type NPVs clearly are capable of environmental persistence and spread. 
Abiotic and biotic agents known to transport NPVs include rainfall, air currents, 
predators, parasites, scavengers of host insects, and grazing mammals (Fuxa, 1991b). 
However, the dynamics of spread of entomopathogens after release are not well
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understood (Fuxa 1989, 1991a), particularly with nonhost carriers. The spined soldier 
bug, Podisus maculiventris (Say), voided viable virus for at least 10 days after preying 
on caterpillars infected with recombinant NPV (Ch. 3). The scavenging fly, 
Sarcophaga bullata (Parker), and house cricket, Acheta domestica (Linnaeus), voided 
viable, recombinant NPVs for similar time periods after feeding on cadavers of 
caterpillars killed by these viruses (Ch. 3). All three of these insect species are mobile 
(Borror and White, 1970) and therefore may transport recombinant NPVs significant 
distances from release sites. However, such transport has not been confirmed 
experimentally.
The purposes of this research were to: 1) confirm experimentally the capability of 
AcNPV.WT, AcNPV.AalT, and AcJHE.SG to be transported over limited distances by 
the predator P. maculiventris, the scavenging fly S. bullata, or the house cricket A. 
domesticus, in a greenhouse microcosm; 2) compare the rates of spread of wild-type 
and recombinant NPVs with and without predators or scavengers in the greenhouse 
plots.
MATERIALS AND METHODS
Insects Tnchoplusia ni (Hvibner) eggs were provided by Thermo Trilogy 
Corporation (Wasco, CA). The larvae were reared in individual 30-rnl cups on artificial 
diet (Green et al., 1976).
Sarcophaga bullata pupae were obtained from Carolina Biological Supply 
Company (Burlington, NC) and placed in a 21X 12 cm styrene chamber for 
emergence. Podisus maculiventris, spined soldier bugs, originally were collected from 
soybean near Baton Rouge, LA, and were reared continuously in our laboratory. Third 
to fifth instar T. ni were fed to the bugs, one larva for each P. maculiventris per day. 
Sarcophaga bullata and P. maculiventris were starved for 24 h prior to experiments.
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Acheta domesticus were obtained from Dr. J. P. Woodring (Department of Biological 
Sciences, Louisiana State University, Baton Rouge). Acheta domesticus were starved 
for 5 d prior to experiments.
Viruses A wild-type Autographa califomica NPV (AcNPV.WT) was produced in 
laboratory-reared 7. ni larvae. AcNPV.WT was a plaque purified isolate, AcNPV-C6, 
from BioSys, Inc. (now Thermo Trilogy Corporation). AcJHE.SG and AcNPV.AalT 
were obtained from Dr. B. D. Hammock (Department of Entomology, University of 
California, Davis).
Greenhouse Plot Design Six greenhouse benches (1.35 X 7.0 m) were divided 
into two plots, each 1.35 X 3.0 m. The two plots on each bench were separated by a
1.35 X 0.6 m section. Sections were divided by plastic-covered, wood partitions 0.6 m 
high. The remainder of the perimeter of each mini-plot had a similar wall 20 cm high. 
Each plot was covered by a 50 cm high, screen cage with sealed door flaps. Each
1.35 X 3 m plot was planted with 48 collards plants, evenly spaced in 4 X 12 rows. 
The 1.35 X 0.6 m plots, containing 8 plants ( 4X2 rows), were used as control plots.
Experimental Design There were four viral transport experiments, each of which 
compared movement of one recombinant NPV versus that of AcNPV.WT, with and 
without one of the predatory or scavenging arthropods.
The first experiment tested transport of AcNPV.AalT versus AcNPV.WT with or 
without P. maculiventris. There were three replications of four treatments: 1) 
AcNPV.WT infected larvae, no predators: 2) AcNPV.WT-infected larvae with 
predators: 3) AcNPV.AalT- infected larvae, no predators; and 4) AcNPV.AalT-infected 
larvae with predators. For the experiment, second instars of 7. ni were exposed to 103 
polyhedral occlusion bodies (POB) of the appropriate virus per larva by diet surface 
contamination. When they reached the fourth instar, these insects were released in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the appropriate treatment plot, at 8 larvae per plant in the 8 plants (two 4-plant rows) at 
one end of the plot, which was randomly selected. At the same time, uninfected 
second instars were released at the same population density in the remainder of the 
plot, and P. maculiventris adults or fifth instars were released at a population density of 
one insect for each plant. Uninfected second-instar T. ni were released at 8 larvae per 
plant in the 1.35 X 0.6 m control plots. Three larvae of T. ni were randomly sampled 
from every plant every two days, for 14 days. The sampled larvae were replaced on 
each sampling date with 3 uninfected second instars per plant, and dead P. 
maculiventris observed on the soil surface were replaced with live predators. The 
sampled larvae were reared individually in 30 ml cups with artificial diet at 27°C until 
they died or pupated. Nuclear polyhedrosis was confirmed by phase-contrast 
microscopy.
Soil samples were collected with a sampler 10 cm diameter and 5 cm deep at 7 
and 14 days after the initial releases of insects. In each plot, one soil sample was 
collected at each of the following distances from the viral release area: 30, 90, 150, 
210, and 270 cm. For the soil bioassay, a 20-g random subsample of the air-dried soil 
sample was mixed into artificial diet in a 1:9 (WT:WT) mixture (30 larvae for each soil 
sample). One neonatal T. ni was placed on 6.7g of the soil/diet mixture in an individual 
cup. Bioassay insects were reared at 27°C and observed daily until they died or 
pupated. Mortality caused by NPV was confirmed by observing smears of dead 
insects under phase microscopy.
Experiments 2-4 were identical to experiment 1, except that they included the 
following viruses and NTO: experiment 2) AcNPV.WT versus AcJHE.SG with P. 
maculiventris; experiment 3) AcNPV.WT versus AcNPV.AalT with S. bullata', 
experiment 4) AcNPV.WT versus AcNPV.AalT with A. domesticus. In experiments 3
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and 4, the virus-infected larvae were reared until moribund before they were placed in 
the plots.
Data Analysis The viral transport of different types of virus with or without 
different NTOs in the plots at various times were subjected to random regression 
analyzed by the PROC MIXED procedure (SAS Institute, 1996). Due to the data 
distribution pattern, mortality rates of T. ni larvae were divided by the row number of 
the plants where the larvae were collected, and this percentage mortality was 
transformed into loge value to fit into linear model. The soil samples were subjected to 
analysis of variance in the General Linear Models procedure, with the Tukey HSD Test 
among means (SAS Institute, 1996).
RESULTS
AcNPV.AalT vs. AcNPV.WT via Podisus maculiventris Mortality of T. ni on
plants due to AcNPV.WT was significantly greater over all times and distances in the 
plots with P. maculiventris than in those without the predator (P=0.0280) (Fig. 4.1, 
Table 4.1). However, there was no such difference in AcNPV.AalT treatments with 
versus without the predator (P=0.2704). Mortality was significantly greater (P<0.05) in 
plots with AcNPV.WT than in those with AcNPV.AalT, regardless of whether the 
predator was present or not (Fig. 4.1, Table 4.1). In plots with AcNPV.AalT and with 
P. maculiventris, the virus was detected in row 12 (250 cm from rows 1 and 2, where 
virus was released) by day 8 (Fig. 4.1B), but prevalence did not reach 10% in rows 5 to 
12. In AcNPV.AalT plots without P. maculiventris, the virus was transported only 5 
rows (125 cm) (Fig. 4.1 A). In AcNPV.WT plots with P. maculiventris, the virus spread 
to row 12 by day 4, and prevalence in all rows was > 50% by day 8 (Fig. 4.1D). The 
rate of AcNPV.WT spread with the predator was >3X that without the predator (Table
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Fig. 4.1. Percent mortality of larvae caused by AcNPV.AalT or AcNPV.WT at various distances and times after viral 
release in plots with or without P. maculiventris (AcNPV.AalT [A] without or [B] with P. maculiventris, AcNPV.WT 
[C] without or [D] with P. maculiventris). NPV-infected T. ni were released at 25 and 50 cm on day 0.
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Table 4.1. Least significant difference pairwise comparisons of the overall percentage mortality of T. ni collected from the 
plots with versus without the predator P. maculiventris.
Exp. 1: P. maculiventris Present ? Exp. 2: P. maculiventris Present ?
AcNPV.AalT plots AcNPV.W T plots AcNPV.W T plots AcJHE.SG plots
Virus P. maculiventris 
Present ?
Yes No Yes No Yes No Yes No
AcNPV.AalT
Yes
No
1 — 1.21
P=0.2704
T=-12.00 
P =0.000f
7=-13.21
P=0.0001
7=7.12
P=0.0004
7=-8.33
P=0.0002
AcNPV.W T
Yes
No
7=-4.88 
P=0.0280
7=-5.48
P=0.0016
T—9.95  
P=0.0001
7=4.47
P=0.0043
T—9.67
P=0.0001
7=-4.19
P=0.0057
AcJHE.SG
Yes
No
7=0.27
P=0.7978
"Mortality percentages of larvae collected from plants were divided by the row number of the plants and transformed into loge 
value.
O
4.2). The average prevalence of AcNPV.WT was greater than that of AcNPV.AalT 
whether the predator was present (P=0.0001) or absent (P=0.0002) (Fig. 4.1, Table
4.1). Viral infections were not detected in control plots.
The results of soil bioassays were similar to those of mortality of T. ni on the 
plants. Significantly more AcNPV.WT accumulated in soil when predators were 
present than when absent; the presence of P. maculiventris did not significantly 
increase AcNPV.AalT; and more AcNPV.WT than AcNPV.AalT accumulated in soil 
regardless of whether the predators were present or absent (Tables 3, 4). There was 
more NPV at 270 cm on day14 in AcNPV.AalT plots with the predator than in 
AcNPV.AalT plots without the predator. Significantly (P < 0.05) less AcNPV.AalT was 
detected in soil at 270 cm than at 30 cm on both sampling dates, but there were no 
differences for AcNPV.WT over various distances (Table 4.3).
AcJHE.SG vs. AcNPV.WT via Podisus maculiventris Mortality of T. ni on plants 
due to AcNPV.WT was significantly greater over all times and distances in the plots 
with P. maculiventris than in those without the predator (P=0.0016) (Fig. 4.2, Table
4.1). However, there was no such difference in AcJHE.SG treatments with versus 
without the predator (P=0.7978). Mortality was significantly greater (P<0.01) in plots 
with AcNPV.WT than in those with AcJHE.SG, regardless of whether the predator was 
present or not (Fig. 4.2, Table 4.1). By day 4 in plots with AcJHE.SG and with P. 
maculiventris, virus was detected 275 cm from the end of the plots where it was 
released (Fig. 4.2B), but viral prevalence at 300 cm was only 2.8%. By day 4 in 
AcJHE.SG plots without the predator, virus was detected at only 125 cm (Fig. 4.2A). 
Virus was transported in AcNPV.WT plots with predators to the furthest row (300 cm) 
by day 4 (Fig. 4.2D). However, in AcNPV.WT plots without predators, the virus did not
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Table 4.2. Rate8 (cm/day) of virus spread in plots with or without the predator P. maculiventris or the scavengers S. bullata or A. 
domesticus over 14 days on collards in a greenhouse microcosm.
Exp.1 -- P. maculiventris Exp.2 -- P. maculiventris Exp. 3 - S. bullata Exp.4 -  A. domesticus
AcNPV.AalT AcNPV.WT AcJHE.SG AcNPV.WT AcNPV.AalT AcNPV.WT AcNPV.AalT AcNPV.WT
with without with without with without with without with without with without with without with without
20.8 17.5 62.3 20.8 62.5 25.0 62.5 25.0 62.5 28.1 62.5 62.5 41.7 37.5 125.0 41.7
8 Rate was determined by the furthest distance at which the virus was detected from the release site divided by the number of days 
after which the virus was first detected at that distance.
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Table 4.3. Mean percentage mortality ± SE of T. ni in bioassays of soil sampled from greenhouse plots with or without the predator P. 
maculiventris . Soil samples were collected at 30, 90 150, 210, and 270 cm distance from the end of each plot where virus-infected T. 
ni were released.
Distance 
from the end 
of viral 
release area
Exp. 1 -  P. maculiventris Present ? Exp. 2 -  P. maculiventris Present ?
AcNPV.AalT plots AcNPV.WT plots AcJHE.SG plots AcNPV.WT plots
Yes No Yes No Yes No Yes No
30 cm s .e ii.g 831* 27.8±16.4ABa 68.9±39.5Aa 34.4±20.1ABa 90.0±10Aa 98.9±1.9Aa 76.7±13.3Aa 82.2±30.0Aa
90 cm ‘\3.3±6.7/* bc 21.1 ±13 .5^ 63.3±52.1Aa 58.9+49.1^ 53.3141.0^ 91.1±15.4Aab 10010^ 96.7±3.3Aa
Day 7 150 cm 4.4±1.9Bbc 10±3.3Babc 78.9+28.0^ 22.2±17.1Ba 93.318.8^ 73.3±28.5Aab 96.713.3^ 73.3±37.6Aa
210 cm 6.7±0Aabc 8.9±3.8Aabc 24.4119.2^ 13.318.8^ 65.6±30.0Aa 61.1±34.2Aab 88.9113.5^ 82.2±28.0Aa
270 cm 3 ^ 3 .3 *° 3^3 .3 *°* 57.8127.1^ 11.1±6.9ABa 98.911.9^ 21.1±11.7Bb 80±34.6ABa 46.7±23.3ABa
30 cm 24.4+13.5Bab 6 7±QBbc 76.716.7^ 15.6±5.1Ba 9 8 ^1 .9 *" 97.813.8^ 65.6143.5^
90 cm 13.3+6.7Babc 5.6±1.9Bbcd 75.6+5.1^ 10.0±5.8Ba 98.9+1.9^ 10010^ 100±0Aa 91.1115.4^
Day 14 150 cm 25.6±13.5ABab 12.2±3.8Babc 75.615.1^ 13.3±11.5Ba 100+0^ 67.8±55.8Aab 100+0^ 71.1 ±50.0^
210 cm 15.6+3.8Babc 6.7±3.3Bbcd 71.1±5.1Aa 17.8±13.5Ba 98.911.9^ 10010^ 92.2110.7^ 71.1 ±50.O'*3
270 cm 17.8±13.5ABab
C
oCd 85.6±13.5Aa 7.8±5.1Ba IQOtO^ 72.2±48.1Aab 10010^ 76.7±40.4Aa
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Means in each row, within each experiment, followed by the same capital letter are not significantly different (P<0.05, Tukey HSD, 
df=64).
Means in each column followed the same small letter are not significantly different (P<0.05, Tukey HSD, df=18).
Mortality percentages were transformed into logit for normality.
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Table 4.4. Least significant difference pairwise comparisons of overall percentage mortality in bioassays of soil samples 
collected from plots with or without the predator P. maculiventris
Exp. 1: P. maculiventris Present ? Exp. 2: P. maculiventris Present ?
AcNPV.AalT plots AcNPV.WT plots AcNPV.WT plots AcJHE.SG plots
Virus P. maculiventris 
Present ?
Yes No Yes No Yes No Yes No
AcNPV.AalT
Yes
No
T=-1.22
P=0.2678
T=- 6.56 
P=0.0006
7=-7.79
P=0.0002
7=1.28
P=0.2466
7=-2.50 
P=0.0462
AcNPV.WT
Yes
No
7=-5.28
P=0.0019
T=-2.25 7=-0.42 
P=0.0656 P=0.6918
7=-1.83
P=0.1166
7=-2.36
P=0.0565
7=-0.11
P=0.9167
AcJHE.SG
Yes
No
7=-1.94
P=0.1002
aMortality percentages of larvae collected from plants were divided by the row number of the plants and transformed into loge
value.
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Fig. 4.2. Percent mortality of larvae caused by AcJHE.SG or AcNPV.WT at various distances and times after viral
release in plots with or without P. maculiventris (AcJHE.SG [A] without or [B] with P. maculiventris, AcNPV.WT
[C] without or [D] with P. maculiventris). NPV-infected T. ni were released at 25 and 50 cm on day 0.
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reach the furthest row until day 10 (Fig. 4.2C). By day 14, prevalence in AcNPV.WT 
plots with the predator at 300 cm was > 10X that at the same distance in AcNPV.WT 
plots without the predator. The rate of spread of both AcJHE.SG and AcNPV.WT was 
62.5 cm/d with the predator, which was >2X than that without the predator (Table 4.2). 
Viral infections were not detected in control plots.
Percentages of mortality in soil bioassays over all times and distances did not differ 
significantly (P>0.05) among any treatments (Table 4.4). However, bioassay mortality 
in AcJHE.SG plots with the predator was > 4X that in AcJHE.SG plots without the 
predator on day 7 at 270 cm, a difference which was significant at P<0.05 (Table 4.3).
A c N P V . A a l T  v s .  A c N P V . W T  v i a  Sarcophaga bullata For AcNPV.AalT as well as 
AcNPV.WT, mortality of T. ni on plants was significantly greater (P<0.05) over all times 
and distances in the plots with S. bullata than in those without the scavenger (Fig. 4.3, 
Table 4.5). Mortality was significantly greater (P<0.01) in plots with AcNPV.WT than in 
those with AcNPV.AalT, regardless of whether the scavenger was present or not (Fig. 
4.3, Table 4.5). In AcNPV.AalT and AcNPV.WT plots with S. bullata, virus was first 
detected at 300 cm, the furthest row, on day 4 (Fig. 4.3B and 3D). In AcNPV.WT plots 
without S. bullata, virus reached 300 cm on day 6 (Fig. 4.3C). In AcNPV.AalT plots 
without S. bullata , the virus never reached the furthest row but was detected at 275 
cm by day 8, when prevalence was 3.3% (Fig. 4.3A). The rate of spread of 
AcNPV.AalT in plots with S. bullata was equal to that of AcNPV.WT and was >2X that 
of AcNPV.AalT without the scavenger (Table 4.2). Viral infections were not detected 
in control plots.
Significantly more (P<0.05) AcNPV.AalT accumulated in soil when S. bullata were 
present than when absent (Table 4.6, 4.7). However, the presence of the scavenger 
did not significantly increase AcNPV.WT in soil. Significantly more AcNPV.WT than
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 4.3. Percent mortality of larvae caused by AcNPV.AalT or AcNPV.WT at various distances and times after
viral release in plots with or without S. bullata (AcNPV.AalT [A] without or [B] with S. bullata, AcNPV.WT [C]
without or [D] with S. bullata). NPV-infected T. ni were released at 25 and 50 cm on day 0.
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Table 4.5. Least significant difference pairwise comparisons of the overall percentage mortality of 7. ni collected from the 
plots with versus without the scavenger S. bullata or A. domesticus.
Exp.3 — S. bullata Present ? Exp.4 -- A. domesticus Present ?
AcNPV.AalT plots AcNPV.WT plots AcNPV.AalT plots AcNPV.WT plots
Virus Scavenger 
Present ?
Yes No Yes No Yes No Yes No
Yes
T=-2.81 7=-19.78 7=14.85 7—1.19 7—13.15 7=11.15
P=0.0307 P=0.0001 P=0.0001 P=0.2793 P=0.0001 P=0.0001
AcNPV.AalT
No - T=-22.68 
P=0.0001
7—17.70
P=0.0001
- 7—14.34
P=0.0001
7—12.35 
P=0.0001
Yes
- 7=-4.73 - - 7—2.01
P=0.0032 P=0.0910
AcNPV.WT
No
-
-
aMortality percentages of larvae collected from plants were divided by the row number of the plants and transformed into
loge value.
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Table 4.6. Mean percentage mortality ± SE of T. ni in bioassays of soil sampled from greenhouse plots with or without the 
scavengers S. bullata or A. domesticus. Soil samples were collected at 30, 90 150, 210, and 270 cm distance from the end of each 
plot where virus-infected T. ni were released.
Distance 
from the end 
of viral 
release area
Exp. 3 -  S. bullata Present ? Exp.4 — A. domesticus Present ?
AcNPV.AalT plots AcNPV.WT plots AcNPV.AalT plots AcNPV.WT plots
Yes No Yes No Yes No Yes No
30 cm 62.2138.3^ 66.7137.1^ 96.715.8^ 96.715.8^ 67.8147.4^ 27.8±19.2Aab 95.617.7^ 94.4±9.6Aab
90 cm 31.1±25.9Aa 12.2±1.9Aab 41.1±22.2Abcd 34.4±24.6Abcd 17.8±8.4Ba 46.7±20.1ABa 85.6112.6^ 66.7±8.8Abcd
Day 7 150 cm 7.815.1^ 11.116.9^ 21.1±16.8Acd 15.6±10.2Acd 24.4+8.4Ba 27.8±5.1Bab 80111.5^ 88.9±5.1Aab
210 cm 28.9±18.4Aa 7.8±6.9Ab 27.8±23.6Abcd 28.9±13.9Abcd 15.6±8.4Ba 14.4±12.6Bab 85^ 12.6^ 26.7±6.7Bcd
270 cm 21.1113.9^ 8.9±8.3Ab 25.6121.4^ 4.4±1.9m 10.0±5.8Ba 3.3±3.3Cb 74.4±20.4Aa 12.2±6.9Bd
30 cm 71.1±25.9ABa 41.1±22.2Bab 10010^ 85 .61 7 .7^ 68.9±37.2Aa 61.1124.6^ 98.911.9^ 10010^
90 cm 23.3*17.6^ 11.1±8.4m 65.6±41.1Abc 48.9±39.8Abc 70135.3^ 42.2132.9^ 98.911.9^ 95.6±7.7Aab
Day 14 150 cm 16.715.8^ 22.2±21.4Aab 44.4±22.2Abcd 24.4±10.2Abcd 45.6±33.6Aa 42.2±21.2Aab 87.8118.4^ 85.6±25.0Aabc
210 cm 36.7±32.8Aa 13.3±12.0Ab 50.0+21.9*** 41.1±28.3Abcd 21.1±19.5Aa 21.1±10.2Aab 64.4±31.5Aa 5o.o±33.8Abcd
270 cm 24.4±15.8ABa 8.9±8.4Bb 66.7±20.0ABab 77.8±27.0Aab 28.9±25.5Aa 12,2±11.7Aab 96.713.3^ 83.3±3.3Aabcd
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Means in each row, within each experiment, followed by the same capital letter are not significantly different (P<0.05, Tukey HSD, 
df=64).
Means in each column followed the same small letter are not significantly different (P<0.05, Tukey HSD, df=18).
Mortality percentages were transformed into logit for normality.
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Table 4.7. Least significant difference pairwise comparisons of overall percentage mortality in bioassay of soil samples 
collected from plots with or without the scavengers S. bullata or A. domesticus.
Exp. 3: S. bullata Present ? Exp.4: A. domesticus Present ?
AcNPV.AalT plots AcNPV.WT plots AcNPV.WT plots AcJHE.SG plots
Virus Scavenger 
Present ?
Yes No Yes No Yes No Yes No
Yes
7=-2.96 7=-2.658 7=1.36 T=-1.26 7=-3.58 7=5.20
P=0.0254 P=0.0379 P=0.2235 P=0.2554 P=0.0116 P=0.0020
AcNPV.AalT
No - T=-5.61
P=0.0014
7=-4.31
P=0.005
- 7=-4.84
P=0.0029
7=-6.46
P=0.0007
Yes
- 7=-1.29 - - 7=1.62
P=0.2431 P=0.1571
AcNPV.WT
No -
“Mortality percentages of larvae collected from plants were divided by the row number of the plants and transformed into
loge value.
AcNPV.AalT accumulated in soil whether the scavengers were present or absent. The 
amount of virus in soil in AcNPV.AalT plots without scavengers was significantly lower 
than that in AcNPV.WT plots without scavengers at 270 cm on day 14 (Table 4.6). At 
270 cm, the amount of AcNPV.WT in the plots with S. bullata increased significantly 
from day 7 to day 14. However, whether S. bullata were present or not, the amount of 
AcNPV.AalT did not increase significantly from day 7 to day14 at any distance.
AcNPV.AalT vs. AcNPV.WT via Acheta domesticus Mortality of T. ni on plants 
was significantly greater (P<0.05) over all times and distances in plots with AcNPV.WT 
than in those with AcNPV.AalT, regardless of whether A. domesticus was present or 
not (Fig. 4.4, Table 4.5). However, the presence of the scavenger did not significantly 
increase (P>0.05) the overall prevalence of either virus. In AcNPV.AalT plots with A. 
domesticus, the virus was first detected at 300 cm, the furthest row, on day 6 (Fig. 
4.4B). In AcNPV.AalT plots without A. domesticus, the virus never reached the 
furthest row although virus was detected at 275 cm on day 6 with a prevalence of 3.0% 
(Fig. 4.4A). In AcNPV.WT plots with A. domesticus, the virus was detected at 300 cm 
by day 2 (Fig. 4.4D). In AcNPV.WT plots without A. domesticus, the virus reached the 
furthest row of plants on day 6 (Fig. 4.4C). The rate of spread of AcNPV.WT with A, 
domesticus was >3X that of AcNPV.AalT or of AcNPV.WT without the scavenger 
(Table 4.2). Viral infections were not detected in control plots.
The results of the soil bioassays were similar to those of mortality of T. ni on the 
plants. Significantly more (P<0.05) AcNPV.WT than AcNPV.AalT accumulated in soil 
over all times and distances regardless of whether A. domesticus were present or 
absent (Table 4.6, 4.7). However, the presence of the scavenger did not significantly 
increase (P>0.05) the overall soil bioassay percentage mortality of either virus (Table 
4.7). The amount of AcNPV.WT in plots with A. domesticus at 270 cm on day 7 was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 4.4. Percent mortality of larvae caused by AcNPV.AalT or AcNPV.WT at various distances and times after viral
release in plots with or without A. domesticus (AcNPV.AalT [A] without or [B] with A. domesticus, AcNPV.WT [C]
without or [D] with A. domesticus). NPV-infected T. ni were released at 25 and 50 cm on day 0.
s
>6X that in plots without A. domesticus, which was significant at P<0.05 (Table 4.6). 
On day 7, in plots without A. domesticus, the amounts of AcNPV.AalT and AcNPV.WT 
were significantly lower at 270 cm than at 30 and 90 cm, respectively (Table 4.6).
DISCUSSION
This research confirmed experimentally that the wild-type and the recombinant 
NPV can be transported by certain predators or scavengers. Our results strongly 
indicated that P. maculiventris transports AcNPV.WT and S. bullata transports both 
AcNPV.WT and AcNPV.AalT. Viral prevalence of AcNPV.WT was always greater than 
that of the recombinant virus whether or not any of the NTOs were in the plots. 
However, there also was evidence indicating that P. maculiventris may transport 
AcNPV.AalT (Tables 4.2, 4.3) and AcJHE.SG (Tables 4.2, 4.6), and that A. 
domesticus may transport AcNPV.AalT (Table 4.6) and AcNPV.WT (Tables 4.2, 4.6). 
Short- and long-range transport of NPVs can be dependent on biotic agents such as 
predators, parasites, scavengers of host insects, and grazing mammals (Fuxa, 1991b). 
Previous research indicated that P. maculiventris and S. bullata may transport wild- 
type NPVs in nature (Stairs, 1965; Hostetter, 1971; Fuxa et al., 1993). Acheta 
domesticus is an omnivorous scavenger (Walker and Masaki, 1989) which ingests 
recombinant-NPV-killed larvae and defecates the viable virus (Ch. 3).
Podisus maculiventris and S. bullata transported recombinant and wild-type NPVs 
at rates of up to 62.5 cm/day, and A. domesticus transported wild-type NPV at 125 
cm/day (Table 4.2). These results are consistent with previous research of NPV 
spreading in row-crop agroecosystems. Predatory arthropods Anticarsia gemmatalis 
(Hubner) NPV away from release sites at a rate of approximately 1 m/d (Fuxa and 
Richter, 1994) or a distance of at least 58-69 m after 1 yr (Richter and Fuxa, 1984; 
Fuxa and Richter, 1994). Predatory arthropods in soybean were the most likely agents
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of A. gemmatalis NPV dispersal at a rate of 2-3 m per day (De-Moraes et at., 1998). 
The nuclear polyhedrosis virus of Mamestra brassicae (L.) spread at least 2.5 m in 7 d 
in cabbage (Evans and Allaway, 1983).
In most epizootics, disease expands from a multiplicity of endemic centers 
resulting in complex distribution patterns (Entwistle et al., 1983) which exhibit a 
“traveling wave behavior" (Murray, 1989). An epizootic develops most rapidly when a 
high predator population and high viral density occur in the host population (Bird and 
Burk, 1961; Stairs, 1966). The current results indicated that P. maculiventris, in 
particular, helped wild-type NPV reach a threshold of pathogen population density for 
the initiation of epizootics throughout the entire microcosm plots by 10-14 days after 
viral release (Figs. 1D, 2D). The higher mobility of arthropod predators compared to 
host larvae may increase the rate of viral dispersal (Vasconcelos et al., 1996).
The primary means of viral transport by predatory and scavenging arthropods is 
almost certainly by ingestion and subsequent voiding of viable NPV while the carrier 
insect remains mobile (Young and Yearian, 1987; Hostetter, 1971; Ch. 3). Predators 
can transport wild-type NPVs when they eat virus-infected caterpillars (Capinera & 
Barbosa, 1975; Fuxa et al., 1993; Stairs, 1965). Scavengers feeding on NPV-killed 
caterpillars in nature previously were identified as potential agents of viral transport 
(Stairs, 1965; Hostetter, 1971). These insects may transport NPV randomly by 
gradually voiding viable virus in feces or by dropping POB adhering to their body parts 
to contaminate foliage. During passage through the carrier's digestive track, POB 
avoid damage from exposure to sunlight, which is the environmental factor most 
damaging to their viability (Ignoffo et al., 1977). The relative lack of transport detected 
for AcNPV.AalT by P. maculiventris in the current research might be due to the low 
number of POB in AcNPV.AalT-infected larvae compared to AcNPV.WT- or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
AcJHE.SG-infected insects (Fuxa et al., 1998; Kunimi et al., 1996) or to the tendency 
for AcNPV.AalT-infected insects to fall from plants to the ground (Cory et al., 1994; 
Hoover et al., 1995), decreasing the chance to be captured by P. maculiventris. In the 
case of S. bullata, lepidopterous cadavers by themselves are not a suitable food, yet 
these insects ingest NPV-infected larvae, void significant amounts of POB (Ch. 3), and 
significantly transport wild-type and recombinant NPVs (Fig. 4.3, Table 4.5). Transport 
by A. domesticus may have been minimal because these insects fed at the soil 
surface, whereas cadavers of insects killed by wild-type NPVs remain on host plants 
(Bonning and Hammock, 1992). Perhaps more importantly, they also defecated on the 
soil, from which NPV would have to be transported up to the collards leaves by 
unreliable abiotic means (Fuxa, 1991b).
The infected host insects, T. ni, undoubtedly contributed to viral transport in the 
current research. In every experiment, both viruses spread to some degree in the 
plots without predators or scavengers (Figs. 1-4). Wild-type (Vasconcelos, 1996; Fuxa 
et al., 1998) and recombinant NPVs (Fuxa et al., 1998) can be voided before host 
death in Lepidoptera. Abiotic factors, such as precipitation (plant watering) and air 
current, also may disseminate NPVs after dying, infected larvae move to the tops of 
host plants (Fuxa, 1991b).
The relative amounts of NPVs that accumulated in soil in the current research, as 
indicated by bioassay mortality percentages, generally were consistent with T. ni 
mortality on the collards plants (Tables 4.1, 4.4, 4.5, 4.7). Soil serves as an important 
reservoir for NPV (Fuxa, 1989; England et al., 1998). Therefore, the dynamics of NPV 
in the soil reservoir are crucial to the success of these viruses in long term approaches 
to insect control and post-release monitoring studies (Richards et al., 1998). The 
current results indicated that A. domesticus may be an NPV earner at the soil surface,
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even though it did not contribute to short-term viral transport or epizootics on the 
collards plants. In experiment 4, bioassay percent mortality for soil samples collected 
on day 7 was significantly greater at one distance for each NPV in plots with crickets 
versus those without.
With respect to risk assessment, our results confirmed that the two recombinant 
NPVs were capable of environmental transport. However, infected host larvae and 
abiotic factors must contribute to this viral spread, because the only significant 
transport of a recombinant virus by a NTO was AcNPV.AalT by S. bullata (Table 4.2). 
This confirmation of the likelihood of environmental transport increases the probability 
that these two recombinant NPVs will come into contact with NTO after release, which 
increases their risk. Perhaps more importantly, the viral prevalence rates of wild-type 
NPV over all times and distances were higher than the recombinant NPVs in every 
experiment (Tables 4.1, 4.5). This identifies another advantage of wild-type NPV over 
the recombinants, along with the inability of the recombinant viruses to directly 
compete with wild-type virus for a niche in the habitat (Ch. 1). These advantages of 
wild-type NPV, in turn, increase the probability that populations of the recombinants will 
be out-competed by wild-type NPV after release, which in turn reduces their 
environmental risk.
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The purpose of the proposed research was to collect data pertinent to the 
exposure assessment component of risk assessment, namely, the persistence 
(competitive ability) and potential for spread of recombinant versus wild-type 
nucleopolyhedroviruses (NPV). Wild-type and recombinant NPV were compared with 
respect to 1) their capability to produce epizootics in Trichoplusia ni (Hubner) larvae 
infesting collards in a greenhouse microcosm; 2) the potential for environmental 
transport by the nonhost carriers, the predator Podisus maculiventris (Say), the 
scavenging fly Sarcophaga bullata (Parker), and house crickets Acheta domesticus 
(Linnaeus); and 3) their capability to be transported over limited distances by the 
predator and the scavengers in a greenhouse microcosm. Viruses tested were 
variants of Autographa californica (Speyer) NPV (AcNPV): wild-type virus 
(AcNPV.WT), AcNPV expressing a scorpion toxin (AcNPV.AalT), and AcNPV 
expressing juvenile hormone esterase (AcJHE.SG).
In greenhouse microcosm experiments, AcNPV.WT out-competed AcNPV.AalT 
and AcJHE.SG for the insect resource on host plants. AcNPV.WT produced 
continuous epizootics in up to seven new generations of uninfected insects. 
AcJHE.SG prevalence in weeks 2-8 was generally lower than that of AcNPV.WT, and 
AcNPV.AalT almost disappeared in the first generation of uninfected insects. More 
importantly, both recombinant viruses were out-competed by AcNPV.WT in the direct- 
competition plots. AcJHE.SG, the intermediate virus in terms of replication and 
disintegration, also was intermediate in terms of causing epizootics, but it still could not 
compete with AcNPV.WT. AcNPV.WT, AcNPV.AalT, and AcJHE.SG were detected in 
soil samples 8 weeks after first release, and both AcNPV.WT and AcJHE.SG had 
random dispersion patterns. The current results indicated clearly that, if recombinant 
viruses and wild-type virus are given the opportunity to recycle or replicate in several
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insect generations, then the wild-type virus will increase to greater population densities 
in soil than the recombinant. The smaller populations of both wild-type and 
recombinant NPV in soil in the mixed-virus (WT+AalT, WT+AcJHE.SG) plots 
compared to soil populations in the single virus release plots probably were due to a 
combined effect of competition and lower generation-1 prevalence (inoculum) in the 
mixed viruses plots.
The predator P. maculiventris and scavengers S. bullata and A. domesticus are 
potential transport agents of the wild-type and recombinant baculoviruses tested in the 
current research. All three insects fed on larvae infected or killed by each of the 
viruses, regardless of whether the cadavers were liquified (AcNPV.WT) or intact. Just 
as important, the feces of these insects contained large amounts of viable virus. It is 
possible that small amounts of NPV were transferred to assayed filter paper by 
mouthparts or other body parts, but such large amounts of NPV must have been 
deposited by means of feces. Individual P. maculiventris, S. bullata, and A. domesticus 
voided sufficient amounts of all three viruses to infect large numbers of new hosts. 
More than 87% of each virus voided by P. maculiventris, S. bullata, or A. domesticus 
was defecated during the first 5 days after ingesting virus-infected larvae. All three 
NTOs defecated significantly more AcJHE.SG than the other viruses. The recombinant 
viruses AcNPV.AalT and AcJHE.SG did not kill P. maculiventris, S. bullata, or A. 
domesticus at rates any greater than that by wild-type virus. Thus, direct effects by the 
recombinant viruses on NTO probably are similar to those by wild-type NPV. Neither 
the cricket nor the fly preferred T. ni larvae killed by one type of NPV versus the 
others.
In the greenhouse microcosm, transport of the wild-type and recombinant NPVs by 
certain predators or scavengers was confirmed experimentally. Our result strongly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
indicated that P. maculiventris transports AcNPV.WT and S. bullata transports both 
AcNPV.WT and AcNPV.AalT. Viral prevalence of AcNPV.WT was always greater than 
that of the recombinant virus whether or not any of the NTOs were in the plots. 
Podisus maculiventris and S. bullata transported recombinant and wild-type NPVs at 
rate of up to 62.5 cm/day, and A. domesticus transported wild-type NPV at 125 
cm/day. Podisus maculiventris, in particular, was a contributing factor in AcNPV.WT 
epizootics throughout the entire microcosm plots by 10-14 days after viral release. 
The infected host insects, T. ni, undoubtedly contributed to viral transport in the current 
research. In every experiment, both the wild-type and recombinant virus spread to 
some degree in the plots without predators or scavengers. The relative amounts of 
NPVs that accumulated in soil, as indicated by bioassay mortality percentages, 
generally were consistent with T. ni mortality on the collards plants. The current 
results indicated that A. domesticus may be an NPV carrier at the soil surface, even 
though it did not contribute to short-term viral transport or epizootics on the collards 
plants.
The predator and scavengers in the current research demonstrated some capacity 
to transport wild-type as well as recombinant viruses at significant rates in a 
greenhouse microcosm. Flying and plant-dwelling insects, such as P. maculiventris 
and S. bullata, contribute to epizootics by aiding viral spread in the foliage-damaging- 
host population; soil-surface insects, such as A. domesticus, may contribute to virus 
dissemination at the soil surface.
In terms of risk assessment, the current results are mixed. The recombinant 
viruses AcNPV.AalT and AcJHE.SG can potentially be transported by the predator and 
the two scavengers away from a release site, which increases the probability of 
dissemination and subsequent exposure of other non-target organisms. However,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
AcNPV.AalT and AcJHE.SG did not harm the three NTO tested in the current 
research, which reduces the probability of environmental harm. The viral prevalence 
rates of wild-type NPV over all times and distances were higher than the recombinant 
NPVs in every experiment. This identifies another advantage of wild-type NPV over 
the recombinants, along with the inability of the recombinant viruses to directly 
compete with wild-type virus for a niche in the habitat. These advantages of wild-type 
NPV, in turn, increase the probability that populations of the recombinants will be out- 
competed by wild-type NPV after release, which in turn reduces their environmental 
risk.
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APPENDIX 1: RAW DATA FOR CHAPTER 2 -  ACNPV.WT VS. ACNPV.AAIT
EXPERIMENT
Raw data for chapter 2 -  AcNPV.WT vs. AcNPV.AalT experiment: mortality (number 
of virus-killed-larvae/ total number of larvae collected) of virus-infected larvae on 
collards leaves
Treatments
W eek 1 control W T AalT A all"+WT
replication W T AalT W T AalT W T AalT W T AalT
1 0/32 0/32 29/32 0/32 3/32 23/32 20/32 11/32
2 0/32 0/32 29/32 0/32 6/32 19/32 18/32 12/32
3 0/32 0/32 26/32 0/32 5/32 24/32 13/32 12/32
4 0/32 0/32 31/32 0/32 5/32 25/32 10/32 21/32
Treatments
W eek 2 control W T AalT A all■+WT
replication W T AalT W T AalT W T AalT W T AalT
1 0/32 0/32 18/32 0/32 0/32 1/32 8/32 1/32
2 0/32 0/32 27/32 0/32 0/32 0/32 15/32 0/32
3 0/32 0/32 23/32 0/32 0/32 0/32 28/32 1/32
4 0/32 0/32 29/32 0/32 0/32 0/32 15/32 2/32
Treatments
W eek 3 control W T AalT A all'+ W T
replication W T AalT W T AalT W T AalT W T AalT
1 0/32 0/32 31/32 0/32 0/32 2/32 30/32 0/32
2 0/32 0/32 29/32 0/32 0/32 1/32 29/32 0/32
3 0/32 0/32 30/32 0/32 0/32 2/32 27/32 0/32
4 0/32 0/32 28/32 0/32 0/32 0/32 31/32 0/32
Treatments
W eek 4 control W T AalT A alT+W T
replication W T AalT W T AalT W T AalT W T AalT
1 1/32 0/32 30/31 0/32 0/32 0/32 29/31 0/31
2 0/32 0/32 31/32 0/32 0/32 0/32 31/32 0/32
3 0/32 0/32 32/32 0/32 0/32 0/32 26/2S 0/26
4 0/32 0/32 31/32 0/32 0/32 0/32 31/32 0/32
Treatments
W eek 5 control W T AalT A alT+W T
replication W T AalT W T AalT W T AalT W T AalT
1 0/32 0/32 20/32 032 1/32 0/32 17/32 0/32
2 132 0/32 15/32 0/32 0/32 0/32 19/32 0/32
3 0/32 0/32 16/32 0/32 0/32 0/32 14/32 0/32
4 0/32 0/32 22/32 0/32 0/32 0/32 24/32 0/32
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APPENDIX 2: RAW DATA FOR CHAPTER 2 -  ACNPV.WT VS. ACNPV.AAIT
EXPERIMENT
Raw data for chapter 2 -  AcNPV.WT vs. AcNPV.AalT experiment: number of dead 
larvae in soil bioassay (n=50/treatment/replication)
Treatments
control W T AalT A all'+ W T
replication W T AalT W T AalT W T AalT W T AalT
1 0 0 24 0 1 12 20 4
2 0 0 31 0 0 16 19 2
3 0 0 23 0 0 11 16 4
4 0 0 22 0 0 11 20 4
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APPENDIX 3: RAW DATA FOR CHAPTER 2 -  ACNPV.WT VS. ACJHE.SG
EXPERIMENT
Raw data for chapter 2 -  AcNPV.WT vs. AcJHE.SG experiment: mortality (number of 
virus-killed-larvae/ total number of larvae collected) of virus-infected larvae on collards 
leaves
Treatments
Week 1 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 32/32 0/32 0/32 29/32 12/32 20/32
2 0/32 0/32 29/30 0/30 2/32 29/32 8/31 20/31
3 0/32 0/32 30/30 0/30 0/32 30/32 11/31 19/31
4 0/32 0/32 30/30 0/30 0/32 31/32 12/32 17/32
Treatments
Week 2 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 17/17 0/17 0/0 0/0 3/6 2/6
2 0/32 0/32 11/13 0/13 0/4 4/4 4/8 1/8
3 0/32 0/32 8/10 0/10 0/4 4/4 4/7 1/7
4 0/32 0/32 13/15 0/15 0/3 3/3 2/6 0/6
Treatments
Week 3 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 23/23 0/23 0/4 4/4 5/13 2/13
2 0/32 0/32 28/29 0/29 0/10 10/10 9/15 1/15
3 0/32 0/32 21/21 0/21 0/9 9/9 8/14 0/14
4 0/32 0/32 21/21 0/21 1/12 11/12 9/23 0/23
Treatments
Week 4 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 25/30 0/30 2/9 7/9 10/32 3/32
2 0/32 0/32 29/32 0/32 2/25 20/25 16/27 3/27
3 0/32 0/32 27/30 0/30 3/26 23/26 6/26 0/26
4 0/32 0/32 26/31 0/31 0/29 23/29 8/32 3/32
Treatments
Week 5 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 29/29 0/29 0/21 13/21 16/28 0/28
2 0/32 0/32 25/32 0/32 0/31 23/31 9/28 4/28
3 0/32 0/32 23/28 0/28 0/32 29/32 10/32 3/32
4 0/32 0/32 29/32 0/32 2/32 21/32 4/31 6/31
Treatments
W eek 6 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 13/32 1/32 0/29 14/21 11/30 0/30
2 0/32 0/32 5/30 0/30 0/29 11/31 10/29 0/29
3 0/32 0/32 12/29 0/29 0/29 12/32 3/31 0/31
4 0/32 0/32 7/30 0/30 0/32 20/32 6/31 0/31
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Treatments
Week 7 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 7/13 0/13 16/20 2/20 17/29 1/29
2 0/32 0/32 20/32 0/32 14/31 7/31 8/30 3/30
3 0/32 0/32 21/32 0/32 0/31 12/31 15/29 4/29
4 0/32 0/32 26/32 2/32 11/31 5/31 6/29 3/29
Treatments
Week 8 control W T JHE.SG JHE.SG +W T
replication W T JHE W T JHE W T JHE W T JHE
1 0/32 0/32 14/15 0/15 0/30 18/30 8/28 1/28
2 0/32 0/32 29/30 1/30 0/31 5/31 5/29 1/29
3 0/32 0/32 31/32 0/32 0/29 6/29 9/30 0/30
4 0/32 0/32 28/31 0/31 0/32 9/32 8/29 1/29
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APPENDIX 4: RAW DATA FOR CHAPTER 2 -  ACNPV.WT VS. ACJHE.SG
EXPERIMENT
Raw data for chapter 2 -  AcNPV.WT vs. AcJHE.SG experiment: number of dead 
larvae in soil bioassay (n=40/treatment/replication)
Treatments
control W T JHE.SG JHE.SG+WT
replication W T JHE W T JHE W T JHE W T JHE
1 0 0 30 0 2 26 23 2
2 0 0 25 0 0 24 13 2
3 0 0 35 0 0 33 31 2
4 0 0 33 0 3 27 7 3
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APPENDIX 5: RAW DATA FOR CHAPTER 2 -  ACNPV.WT VS. ACJHE.SG
EXPERIMENT
Raw data for chapter 2 -  AcNPV.WT vs. AcJHE.SG experiment: number 
of dead larvae in soil dispersion bioassay (total tested insects 
n=30/treatment/replication)
Plots
Replications W T 1 W T  2 W T 3 W T 4
1 22 26 24 25
2 22 25 16 26
3 26 18 19 23
4 29 26 28 19
5 26 14 23 26
6 21 27 25 15
7 25 23 13 13
8 15 24 23 22
Plots
Replications JHE 1 JHE 2 JHE 3 JHE 4
1 24 24 23 15
2 26 12 19 23
3 11 20 21 10
4 15 26 19 24
5 26 23 24 25
6 21 23 18 13
7 21 9 25 22
8 17 24 26 26
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APPENDIX 6: RAW DATA FOR CHAPTER 3 -  PERCENTAGE OF CUMULATIVE 
SURVIVAL FOR SARCOPHAGA BULLATA
Raw data for chapter 3 -  Percentage of cumulative survival for Sarcophaga 
bullata after ingesting wild-type or recombinant-virus infected larvae versus 
uninfected larvae (control killed by low temperature) or 10% sucrose. 
Number of insects surviving, n=25/treatment
Replication 1 Treatments
days Wt JHE AalT Control 10%
Sucrose
1 25 25 25 25 25
2 25 25 25 25 25
3 25 25 25 25 25
4 23 20 24 25 25
5 16 15 21 24 24
6 10 3 15 21 24
7 3 1 5 6 24
8 2 0 2 5 24
Replication 2
days Wt JHE AalT Control 10%
Sucrose
1 25 25 25 25 25
2 25 25 25 25 25
3 25 25 25 25 25
4 25 21 19 21 24
5 24 17 13 18 24
6 20 13 4 13 24
7 6 5 1 5 24
8 3 2 0 4 23
9 2 1 - 4 23
Replication 3
days W t JHE AalT Control 10%
Sucrose
1 25 25 25 25 25
2 25 25 25 25 25
3 25 23 22 20 25
4 18 19 19 17 25
5 12 19 19 15 25
6 1 13 7 7 25
7 1 7 4 7 25
8 0 4 4 4 25
Replication 4
days Wt JHE AalT Control 10%
Sucrose
1 25 25 25 25 25
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2 25 25 25 25 25
3 24 23 22 23 25
4 23 23 20 22 25
5 18 21 18 21 24
6 7 10 11 14 24
7 5 5 7 10 24
8 1 4 3 5 24
9 0 4 1 4 20
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APPENDIX 7: RAW DATA FOR CHAPTER 3 -  PERCENTAGE OF CUMULATIVE 
SURVIVAL FOR ACHETA DOMESTICUS
Raw data for chapter 3 -  Percentage of cumulative survival for Acheta 
domesticus after ingesting wild-type or recombinant-virus infected larvae 
versus uninfected larvae (control killed by low temperature). Number of 
insects surviving, n=25/treatment
Replication 1 Treatments
days W t JHE AalT Con
1 25 25 25 25
2 24 25 24 24
3 24 25 24 24
4 24 25 23 24
5 24 24 23 24
6 23 23 23 24
7 22 23 22 24
8 22 23 22 24
9 20 22 21 22
10 20 21 21 22
Replication 2
days Wt JHE AalT Con
1 25 25 25 25
2 25 25 24 25
3 22 25 24 25
4 22 24 24 24
5 22 24 24 24
6 22 22 24 24
7 22 21 24 22
8 22 21 24 22
9 22 21 23 21
10 20 20 20 16
Replication 3
davs Wt JHE AalT Con
1 25 25 25 25
2 25 25 25 25
3 25 25 22 25
4 24 24 22 25
5 23 23 22 24
6 23 23 22 23
7 22 21 21 21
8 22 21 21 20
9 12 20 16 20
10 16 20 20 20
Replication 4
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days W t JHE AalT Con
1 25 25 25 25
2 25 25 25 25
3 24 23 22 23
4 23 23 22 22
5 23 21 22 21
6 23 21 22 21
7 23 21 22 21
8 22 20 21 21
9 22 20 21 21
10 20 20 16 16
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APPENDIX 8: RAW DATA FOR CHAPTER 3 -  PERCENTAGE OF CUMULATIVE
SURVIVAL FOR PODISUS MACULIVENTRIS
Raw data for chapter 3 -  Percentage of cumulative survival for Podisus 
maculiventris after ingesting wild-type or recombinant-virus infected larvae 
versus uninfected larvae (control killed by low temperature). Number of 
insects surviving, n=25/treatment
Replication 1 Treatments
days W t JHE AalT Con
1 25 25 25 25
2 25 25 25 24
3 25 25 24 24
4 25 25 24 24
5 25 25 24 24
6 25 24 24 24
7 25 23 24 24
8 25 23 24 24
9 24 23 24 24
10 24 23 24 24
Replication 2
days W t JHE AalT Con
1 25 25 25 25
2 25 25 24 25
3 25 25 24 25
4 25 24 24 24
5 25 24 24 24
6 25 24 24 24
7 25 24 24 24
8 25 24 24 24
9 25 24 23 24
10 25 24 23 24
Replication 3
days Wt JHE AalT Con
1 25 25 25 25
2 25 25 25 25
3 25 25 23 25
4 24 24 23 25
5 23 24 23 24
6 23 23 23 23
7 23 23 23 22
8 23 23 22 22
9 22 22 22 22
10 22 22 22 22
Replication 4
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days W t JHE AalT Con
1 25 25 25 25
2 25 25 25 25
3 24 23 24 25
4 23 23 24 25
5 23 22 24 25
6 23 22 24 25
7 23 22 24 25
8 22 22 24 25
9 22 21 24 25
10 22 21 24 25
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APPENDIX 9: RAW DATA FOR CHAPTER 3: CONTACT TIME (SECONDS) BY
ACHETA DOMESTICUS
Raw data for chapter 3: contact time (seconds) by Acheta domesticus on 
larvae of T. ni killed by cold temperature (control) or by one of four types 
of NPV
Treatments
cricket AcNPV.WT AcJHE.SG AcNPV.AalT Control
1 449.3 38.6 40.9 260.3
2 165.7 68 32.9 598.2
3 247.1 65.5 453.2 179.2
4 112.9 353.7 0 76.3
5 41.1 34.7 113.6 45.4
6 103.7 54.9 33.1 309.1
7 83.2 78.9 412.5 28.2
8 506.7 117.7 11.2 97
9 0 15 539.7 201.6
10 56.5 178.1 284 224.8
11 33.9 591.7 61.1 132.5
12 13 81.1 286.1 299.5
13 52.2 301.3 122.7 163.2
14 312.5 49..4 84.9 293.4
15 99.6 116.7 103 132
16 212.7 268.8 47.6 54.9
17 145 151.3 177.8 282.7
18 84.8 76.5 432.5 82.6
19 70.5 93.6 45.6 29.3
20 0 0 899.1 0
21 0 258.5 134.3 246.9
22 77.1 14.1 213.7 229.1
23 53.7 4.2 613.6 62.9
24 272.3 52.3 62.5 229.3
25 794.4 10.4 49.6 0
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APPENDIX 10: RAW DATA FOR CHAPTER 3: FEEDING TIME (SECONDS) BY
ACHETA DOMESTICUS
Raw data for chapter 3: feeding time (seconds) by Acheta domesticus on 
larvae of T. ni killed by cold temperature (control) or by one of four types 
of NPV
Treatments
cricket AcNPV.W T AcJHE.SG AcNPV.AalT Control
1 420.7 13.6 10.7 17.9
2 134.4 40.9 0 584.2
3 205.4 50.5 443.6 164.6
4 63.4 329.2 0 61.3
5 17.1 25.5 694.8 38.1
6 70.2 34.8 19 313
7 45.9 48.7 374.7 9.8
8 478.4 90.8 6.8 72.1
9 0 2.8 516.3 107.6
10 42.1 152.3 268.6 202
11 27.1 535.5 49.3 119.5
12 9.8 65.2 275.7 281.3
13 41.8 290.2 115.3 139.2
14 262.9 36.2 70.5 250.7
15 87.7 57.1 72.1 120.1
16 153.9 208.8 23.2 21.6
17 95 129.3 161.9 248.2
18 74.7 55.8 424 55.4
19 58.1 64.7 33.9 19.8
20 0 0 887.2 0
21 0 351.6 107.9 244.7
22 49.6 6.3 119 214.9
23 20.6 0 606.8 52.2
24 227.9 28.9 31.8 227.5
25 782 3.3 47.5 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
112
APPENDIX 11: RAW DATA FOR CHAPTER 3: CONTACT TIME (SECONDS) BY
SARCOPHAGA BULLATA
Raw data for chapter 3: contact time (seconds) by Sarcophaga bullata on 
larvae of T. ni killed by cold temperature (control) or by one of four types 
of NPV
Treatments
fly AcNPV.W T AcJHE.SG AcNPV.AalT Control
1 0 0 538.7 0
2 0 0 0 732.9
3 83.8 147.1 0 81.92
4 606.8 0 0 0
5 903.5 0 0 0
6 820.2 0 0 0
7 0 632.6 0 0
8 361.2 0 0 172.4
9 0 0 901 0
10 0 905.6 0 0
11 853.8 0 0 0
12 80 0 72.3 565.4
13 0 848.3 0 0
14 0 56.8 0 0
15 0 500.3 183 0
16 0 0 0 891.5
17 0 31.9 0 0
18 576.2 0 0 0
19 21.5 43.7 154.4 2.6
20 0 0 680.7 0
21 871.3 0 0 0
22 0 0 783.4 0
23 0 627.1 18.4 0
24 27 0 52.1 0
25 0 273.2 19.7 491.4
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APPENDIX 12: RAW DATA FOR CHAPTER 3: FEEDING TIME (SECONDS) BY
SARCOPHAGA BULLATA
Raw data for chapter 3: feeding time (seconds) by Sarcophaga bullata 
on larvae of T. ni killed by cold temperature (control) or by one of four 
types of NPV
Treatments
cricket AcNPV.W T AcJHE.SG AcNPV.AalT Control
1 0 0 523.9 0
2 0 0 0 593.4
3 74.2 143.8 0 2.4
4 581.4 0 0 0
5 900.3 0 0 0
6 419.9 0 0 0
7 0 544 0 0
8 302.7 0 0 165
9 0 0 886.7 0
10 0 826.7 0 0
11 800.3 0 0 0
12 75.4 0 70.4 238.7
13 0 844.3 0 0
14 0 52.8 0 0
15 0 496.4 160.6 0
16 0 0 0 791.7
17 0 16.9 0 0
18 135 0 0 0
19 20.1 39.1 164.2 0
20 0 0 508 0
21 870.3 0 0 0
22 0 0 779.8 0
23 0 625.7 15.9 0
24 25.2 0 49.2 0
25 0 269.5 15.3 474.4
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APPENDIX 13: RAW DATA FOR CHAPTER 3: NUMBER DEAD/N=30/CRICKET/DAY
IN BIOASSAYS OF FECES OF ACHETA DOMESTICUS
Raw data for chapter 3: number dead/n=30/cricket/day in bioassays of feces of Acheta 
domesticus after feeding on larvae of T. ni killed by one of four types of NPV. 
Indicates data lost due to death or escape of the bug.
AcNPV.W T
cricket dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 6 14 14 8 6 4 14 4 3 1
1102 28 17 6 7 6 8 10 17 4 1
1103 24 23 14 10 12 9 5 13 1 1
1104 27 15 11 9 7 5 12 13 6 2
1105 28 17 3 9 5 3 4 11 3 1
1106 21 19 7 9 6 5 5 6 1 1
1107 29 23 10 8 5 7 8 7 2 5
1108 29 21 6 4 2 3 9 4 3 3
1109 22 23 19 7 13 8 6 14 6 1
1110 4 16 16 15 12 11 6 5 3 2
2101 29 28 17 12 7 5 7 6 3 2
2102 21 20 4 5 6 14 5 3 3 1
2103 20 13 5 13 16 16 8 5 3 2
2104 29 27 22 15 8 9 9 6 3 2
2105 29 8 5 4 9 8 10 10 2 3
2106 25 10 7 9 14 5 5 16 5 2
2107 21 11 16 8 8 7 4 5 4 3
2108 27 12 7 7 7 7 6 8 4 5
2109 27 19 12 5 6 14 12 7 5 1
2110 20 16 17 9 8 2 6 4 4 1
3101 13 2 1 6 12 9 5 9 3 3
3102 29 22 19 9 11 11 6 5 2 1
3103 5 23 14 10 10 6 6 3 1 4
3104 29 25 14 11 15 12 5 3 1 5
3105 29 21 7 1 4 13 6 12 1 1
3106 29 22 23 9 4 6 5 5 2 3
3107 29 22 15 8 5 4 9 2 1 8
3108 8 4 4 6 2 4 4 11 6 1
3109 9 9 4 5 3 4 5 9 2 1
3110 15 11 3 6 4 5 4 1
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AcJHE.SG
cricket dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 29 29 12 13 12 1 2 1 1 1
1102 29 29 17 11 11 1 1 1 1 1
1103 29 28 13 11 19 2 1 1 1 1
1104 28 29 16 11 18 1 3 3 1 1
1105 27 29 15 11 8 1 2 4 2 4
1106 29 18 12 12 15 3 1 3 4 3
1107 28 28
1108 29 28 22 12 9 3 4 3 4 3
1109 29 24 21 9 17 2 1 3 2 3
1110 29 29 19 12 21 5 1 1 1 4
2101 28 24 16 19 20 12 3 5 4 1
2102 26 28 19 9 3 15 12 4 10 1
2103 29 14 19 13 8 10 4 6 2 1
2104 29 13 16 14 5 11 6 6 9 1
2105 29 28 25 14 7 10 5 1 2 1
2106 28 21 23 16 12 12 4 1 1 1
2107 27 22 22 10 15 2 4 2 1 2
2108 23 23 17 14 3 1 5 2 1 2
2109 29 28 16 12 1 1 1 1 1 1
2110 29 24 20 9 1 1 1 1 1 1
3101 29 29 18 11 11 6 3 4 1 1
3102 29 29 21 12 17 9 3 5 3 5
3103 29 29 13 13 10 2 2 3 3 2
3104 29 28 16 12 12 9
3105 29 29 21 13 10 2 3 4 1 1
3106 29 21 19 11 9 3 1 2 1 2
3107 28 29 3 12 15 2 3 2 1 2
3108 29 29 19 12 12 3 1 3 4 5
3109 22 20 16 15 13 2 5 1 2 1
3110 29 29 22 13 15 3 5 1 5 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
116
AcNPV.AalT
cricket dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 29 28 14 13 11 6 8 4 2 1
1102 29 27 14 9 13 8 12 8 2 1
1103 29 29 17 7 18 4 9 5 5 1
1104 29 29 13 7 18 5 14 12 3 1
1105 29 29 13 8 10 9 8 7 4 2
1106 28 27 19 10 13 7 8 1 4 1
1107 29 25 18 9 22 7 20 4 2 1
1108 29 29 16 8 19 6 10 6 6 1
1109 29 29 12 7 20 7 12 7 5 2
1110 10 28 13 8 19 15 11 15 10 3
2101 5 29 19 3 11 9 11 4 4 2
2102 27 28 22 3 18 13 9 21 6 1
2103 28 29 22 2 16 20 10 16 12 4
2104 8 22 13 6 12 2 12 12 8 9
2105 26 27 21 22 10 3 12 9 1 1
2106 27 26 11 2 3 14 18 13 3 5
2107 29 25 24 6 2 1 8 1 1 1
2108 26 29 15 11 11 10 11 11 5 3
2109 29 21 14 11 23 19 11 20 19 6
2110 25 17 14 10
3101 28 27 18 7 12 9 5 2 1 3
3102 29 24 21 11 15 11 6 3 2 1
3103 29 22 23 7 11 7 4 3 1 1
3104 18 28 16 9 3 2 5 1 1 1
3105 29 19 23 7 4 2 9 8 9 2
3106 14 5 15 10 5 1 5 2 3 2
3107 29 19 24 5 2 7 13 10 18 3
3108 29 22 21 11 5 5 4 6 7 1
3109 22 28 21 11 12 4 1 6 2 2
3110 29 21 14 8 11 5 1 2 3 1
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Control
cricket dayl day2 day3 day4 day5 day6 day7 day8 day9 day10
1101 1 0 0 2 2 0 2 0 0 0
1102 0 0 1 0 1 1
1103 0 2 1 0 0 0 0 0 0 1
1104 0 1 1 1
1105 2 0 1 0 1 0 0 1 1 1
1106 0 1 0 0 1 1 1 2 2 1
1107 1 0 0 2 0 2 1 1 1 1
1108 0 0 1 1 0 0 0 0 2 1
1109 0 0 2 0 0 1
1110 0 0 0 0 0 0 0 0 1 2
2101 0 0 0 2 2 0 2 1 1
2102 0 1 1 2 1 1 0 1 0 0
2103 1 2 1 0 0 0 0 1
2104 0 1 1 0 0 0 0 1 1 1
2105 0 0 2 0 1 1 1 1 0 0
2106 0 1 0 3 1 2 1 2 0 1
2107 1 0 0 2 0 0 0 1
2108 0 0 0 1 0 0 0 0 1 0
2109 2 0 1 0 1 1 0 0 0 0
2110 0 3 0 0 2 0 0 0 0 1
3101 1 0 1 2 2 1 2 1 1 1
3102 0 1 1 1 1 1 1 1 2 1
3103 1 2 1 0 0 1 0 1 1 0
3104 0 1 1 0 2 1 0 1 1 1
3105 0 2 1 1 1 2 1 1 1 0
3106 0 1 0 2 1 0 0 2 1 1
3107 1 1 1 2 0 0 0 2 2 1
3108 0 1 0 1 0 0 0 0 1 0
3109 2 1 1 1 1 1 0 0 0 3
3110 1 0 0 0 1 0 2 1 0 0
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APPENDIX 14: RAW DATA FOR CHAPTER 3: NUMBER DEAD/N-30/FLY/DAY IN
BIOASSAYS OF FECES OF SARCOPHAGA BULLATA
Raw data for chapter 3: number dead/n=30/fly/day in bioassays of feces of 
Sarcophaga bullata after feeding on larvae of T. ni killed by one of four types of 
NPV. indicates data lost due to death or escape of the bug.
AcNPV.WT
fly dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 24 17 11 15 10 6 1 2 2 1
1102 27 24 12 18 10 2 1 2 2 1
1103 22 21 19 22 7 5 3 1 2 1
1104 26 13 5 25 2 4 2 2 6 2
1105 27 4 7 18 2 1 1 2 2 1
1106 29 22 3 18 14 9 11 4 3 1
1107 26 17 15 16 5 7 5 4 3 1
1108 27 8 7 16 3 3 4 8 5 4
1109 24 14 7 21 13 15 2 7 3 3
1110 27 12 7 15 12 7 1 7 6 1
2101 26 16 14 20 20 16 14 12 6 2
2102 22 19 16 16 10 2 6 6 4 4
2103 24 22 20 21 9 8 5 4 3 1
2104 26 21 18 25 24 18 7 3 2 2
2105 20 19 16 14 2 3 5 2 3 1
2106 24 23 19 24 16 13 5 2 2 2
2107 27 20 15 10 1
2108 21 18 16 14 10 7 1 3 2 2
2109 28 28 29 19 17 20 5 3 0 0
2110 26 23 17 11 11 4 5 4 2 2
3101 23 19 13 10 12 14 12 6 6 4
3102 25 18 16 17 12 11 12 4 3 2
3103 28 20 18 17 13 8 10 13 5 3
3104 28 22 21 22 13 10 4 5 2 2
3105 26 26 14 7 10 9 6 5 7 4
3106 28 22 20 13 9 8 6 3 3 2
3107 28 24 21 6 .
3108 25 29 23 19 6 11 8 4 8 6
3109 25 23 21 21 10 9 8 4 4 1
3110 28 25 21 16 8 7 4 7 4 3
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AcJHE.SG
fly dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 25 21 20 5 18 14 1 4 4 2
1102 26 25 18 24 15 12 2 4 6 3
1103 25 23 20 17 12 15 9 3 5 2
1104 8 2 22 15 14 21 2 8 4 2
1105 27 28 23 25 24 24 1 6 1 1
1106 28 27 20 25 9 6 8 9 8 6
1107 27 25 19 26 1 3 4 3 15 12
1108 25 28 24 22 8 13 7 4 4 3
1109 24 17 13 4 12 16 3 11 3 1
1110 21 25 14 14 4 12 6 8 5 4
2101 27 23 16 16 7 8 7 10 7 4
2102 29 19 13 19 11 11 9 12 8 5
2103 23 21 20 21 9 13 11 3 3 3
2104 24 22 18 20 13 12 8 4 3 3
2105 28 19 11 17 5 6 5 2 2 1
2106 25 22 17 14 4 1 4 1 1 2
2107 25 21 18 7 17 14 7 2 4 2
2108 26 20 17 19 13 12 9 7 4 2
2109 27 17 13 15 8 8 5 2 2 1
2110 24 18 17 15 12 2 2 3 4 1
3101 28 24 13 8 11 8 4 5 6 3
3102 26 21 18 21 20 17 6 8 4 4
3103 25 21 16 12 13 9 6 6 4 4
3104 28 28 28 20 16 21 13 4 11 3
3105 25 23 19 17 16 13 11 4 3 1
3106 27 24 23 17 18 15 4 3 1 0
3107 27 26 20 21 15 13 2 6 3 0
3108 28 26 24 21 17 18 13 4 4 3
3109 27 23 15 21 11 13 8 3 3 3
3110 24 21 11 9 7 6 6 5 6 6
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AcNPV.AalT
fly dayl day2 day3 day4 day5 day6 day7 day8 day9 day10
1101 26 19 12 11 9 3 5 1 1 1
1102 25 19 10 9 5 3 5 5 5 4
1103 28 21 14 12 11 8 4 4 3 1
1104 28 22 19 15 16 3 4 10 1 1
1105 21 20 13 2 7 4 3 2 1 1
1106 25 18 14 9 10 9 8 3 4 2
1107 15 12 6
1108 25 24 23 22 8 7 5 5 4 3
1109 27 26 25 22 18 19 4 7 2 2
1110 25 23 24 14 2 2 3 2 5 1
2101 17 12 8 10 6 5 2 5 4 1
2102 26 15 8 7 5 3 8 9 4 2
2103 25 22 14 16 5 6 2 3 3 3
2104 24 9 8 10 6 4 6 5 5 4
2105 28 22 20 21 9 15 10 13 8 2
2106 26 22 21 21 17 14 20 7 10 2
2107 26 23 19 17 14 13 12 4 1 1
2108 21 18 14 16 11 12 5 6 6 4
2109 22 15 12 14 11 12 3 6 5 2
2110 20 16 14 17 16 12 8 6 3 3
3101 28 18 13 7 5 5 2 2 2 1
3102 27 21 11 4 3 8 2 2 2 2
3103 23 18 16 18 25 17 4 7 2 2
3104 26 26 13 13 13 11 4 7 5 1
3105 23 21 15 17 5 2 3 5 3 2
3106 26 21 17 17 4 4 3 4 1 1
3107 26 14 18 2 2 1 1 1
3108 27 22 12 10 7 6 5 4 4 1
3109 26 28 18 11 3 10 2 10 5 1
3110 28 23 18 15 12 7 1 3 2 1
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day9 day 10
3109
3110
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APPENDIX 15: RAW DATA FOR CHAPTER 3: NUMBER DEAD/N=30/BUG/DAY IN 
BIOASSAYS OF FECES OF PODISUS MACULIVENTRIS
Raw data for chapter 3: number dead/n=30/bug/day in bioassays of feces of 
Podisus maculiventris after feeding on larvae of T. ni killed by one of four types 
of NPV. indicates data lost due to death or escape of the bug.
AcNPV.WT
bug dayl day2 day3 day4 day5 day6 day7 day8 day9 day 10
1101 25 24 24 20 18 16 11 4 3 1
1102 22 20 15 16 15 14 9 5 2 2
1103 24 21 15 15 14 11 8 9 5 3
1104 18 18 16 15 12 11 9 4 5 3
1105 22 21 19 17 12 12 11 8 6 2
1106 27 24 23 21 17 13 4 4 6 1
1107 26 27 21 20 18 14 13 9 3 2
1108 26 23 21 22 18 15 13 12 5 3
1109 22 21 20 18 16 17 12 11 6 4
1110 29 26 19 15 18 15 9 4 1 1
2101 25 25 23 21 19
2102 27 26 21 17 18 12 9 4 5 1
2103 27 26 24 21 21 18 19 3 4 2
2104 26 24 22 21 20 19 14 10 4 3
2105 24 23 20 18 12 13 10 4 3 2
2106 28 27 26 24 23 21 12 4 4 1
2107 25 26 19 19 18 17 13 9 10 4
2108 21 18 17 15 16 14 10 8 7 5
2109 26 25 24 17 14 14 13 9 2 1
2110 25 27 26 15 14 15 11 9 6 5
3101 25 26 21 19 18 17 10 4 5 2
3102 24 24 23 21 15 16 12 7 3 1
3103 29 26 24 22 21 19 20 15 11 4
3104 14 12 11 11 9 3 1 2 1 1
3105 29 24 25 23 15 16 14 10 6 5
3106 18 17 14 13 14 12 10 6 5 2
3107 27 26 24 21 16 17 13 6 4 3
3108 29 24 23 21 21 17 11 3 1 1
3109 20 21 17 14 15 13 7 5 3 1
3110 27 25 21 22 21 16 10 8 2 1
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AcJHE.SG
bug dayl day2 day3 day4 day5 day6 day7 day8 day9 day10
1101 26 24 20 18 14 10 9 7 3 1
1102 28 27 25 20 17 12 13 11 4 1
1103 21 22 18 16 11 12 7 6 3 2
1104 18 16 14 10 12 11 12 10 4 4
1105 14 14 12 10 10 4 3 3 4 2
1106 25 24 22 15 9 10 4 4 2 1
1107 24 22 21 19 13 4 5 4 3 1
1108 13 11 12 8 10 9 4 2 2 1
1109 25 19 19 15 17 13 8 9 4 1
1110 24 25 21 13 12 10 8 4 1 1
2101 27 26 15 16 15 15 9 8 9 2
2102 26 24 21 20 18 18 16 14 4 1
2103 27 25 18 18 16 15 16 12 5 1
2104 28 26 22 21 16 15 10 9 5 1
2105 27 23 14 12 8 6 6 5 3 2
2106 26 24 21 17 15 16 12 13 6 2
2107 29 27 18 19 15 13 9 1 2 1
2108 28 24 23 21 18 15 10 9 3 2
2109 27 22 21 16 18 10 8 9 6 3
2110 26 24 23 17 10 11 9 9 4 3
3101 17 16 14 11 13 9 10 7 3 1
3102 24 23 20 18 17 12 10 9 5 4
3103 21 20 18 15 11 10 6 5 4 4
3104 18 17 16 13 14 9 4 5 3 2
3105 16 12 13 10 12 11 8 3 3 1
3106 19 20 15 13 9 10 6 6 5 4
3107 26 24 23 20 16 15 9 4 3 1
3108 27 26 23 18 20 16 13 6 4 2
3109 26 27 25 25 23 21 16 14 12 5
3110 26 24 23 16 17 18 12 7 6 4
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AcNPV.AalT
bug dayl day2 day3 day4 day5 day6 day7 day8 day9 day10
1101 26 21 20 18 10 6 4 4 3 1
1102 29 24 21 19 18 9 6 3 5 1
1103 23 21 16 15 15 4 3 4 2 2
1104 27 26 24 19 16 6 7 4 5 2
1105 28 27 21 18 15 12 10 6 6 2
1106 26 19 16 15 10 4 3 4 3 1
1107 22 20 17 17 19 12 11 10 4 5
1108 28 27 23 21 21 15 10 6 6 2
1109 25 24 21 18 16 9 4 3 3 1
1110 28 24 23 21 19 15 12 8 6 3
2101 28 27 26 22 23 22 19 9 6 4
2102 26 25 23 19 19 15 10 8 6 1
2103 24 23 18 19 12 10 10 3 1 1
2104 25 24 18 18 18 13 11 4 3 3
2105 28 27 22 15 16 12 13 10 8 7
2106 23 21 20 14 9 10 5 4 3 2
2107 26 23 24 19 16 13 9 5 3 1
2108 25 24 19 18 14 12 6 4 2 3
2109 25 21 18 17 16 16 12 11 5 3
2110 24 23 18 16 16 16 16 16 16 16
3101 21 20 20 17 18 12 10 7 3 1
3102 20 19 18 18 19 16 12 11 11 5
3103 26 27 24 23 21 17 16 14 12 1
3104 22 7
3105 27 25 24 22 21 17 14 16 10 6
3106 27 14 15 13 14 9 3 3 4 2
3107 26 24 20 18 18 12 7 3 3 1
3108 24 12 10 9 8 8 4 3 1 2
3109 21 7 6 4 2 3 1 1 1 1
3110 28 27 23 20 16 14 12 10 4 3
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Control
buq dayl day2 day3 day4 day5 day6 day7 day8 day9 day10
1101 1 0 2 2 2 1 2 1 1 0
1102 2 1 1 1 1 1 0 1 0 0
1103 1 2 1 0 0 1 0 1 1 0
1104 0 1 1 0 0 0 0 1 1 1
1105 0 1 1 0 1 2 1 1 0 0
1106 0 1 0 0 1 0 1 2 0 1
1107 1 0 0 2 0 0 0 1 0 1
1108 0 0 0 1
1109 2 0 1 1 1 1 0 2 0 0
1110 2 0 1 0 1 0 0 0 1 1
2101 0 1 0 2 2 1 2 1 1 2
2102 3 1 1 1 1 1 1 1 0 0
2103 1 2 1 1 1 1 3 1 1 0
2104 0 1 1 0 0 0 1 1 1 1
2105 0 3 1 1 1 0 0 1 0 1
2106 0 1 3 3 1 0 0 2 0 1
2107 1 0 0 2 0 0 0 1 1 1
2108 1 2 2 1 0 1 0 0 1 0
2109 2 2 1 1 1 1 1 0 0 0
2110 0 0 0 0 1 2 3 3 0 1
3101 0 1 0 2 2 1 2 1 1 0
3102 1 1 1 1 1 1 3 1 1 0
3103 1 2 1 0 0 1 2 1 1 1
3104 2 1 1 1 0 0 0 1 1 1
3105 2 1 1 0 1 0 0 1 0 0
3106 0 1 0 0 1 0 1 2 0 1
3107 1 0 1 2 0 0 0 1 0 1
3108 2 0 1 1 0 2 0 0 1 0
3109 2 3 1 0 1 1 0 3 2 1
3110 3 1 0 0 1 2 1 1 0 1
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APPENDIX 16: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 1, ACNPV.WT
VERSUS ACNPV.AAIT VIA PODISUS MACULIVENTRIS
Raw data for chapter 4 -  Experiment 1, AcNPV.WT versus AcNPV.AalT via Podisus 
maculiventris; mortality (number of dead/ total number of larvae sampled) of T. ni 
collected from the plots with or without the predator P. maculiventris. Treatment 
designations: “a”= AcNPV.AalT; “w’’= AcNPV.WT; “p"= plot with predator.
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 3/10 3/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap2 1/11 3/12 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap3 2/12 4/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 0/12 2/10 0/12 1/8 1/10 1/11 0/12 0/12 0/12 0/12 0/12 0/12
ap2 1/7 2/9 2/12 2/10 2/9 1/10 0/12 0/12 0/12 0/12 0/12 0/12
ap3 2/10 1/6 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 0/11 2/10 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap2 9/9 0/12 1/7 1/12 1/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap3 0/12 3/12 3/12 1/9 1/8 0/10 2/12 1/11 3/12 1/9 1/10 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 0/11 0/12 1/6 2/10 3/12 0/11 1/10 1/11 0/12 0/12 0/12 0/12
ap2 2/10 1/9 1/9 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/9 1/10 2/12 1/10
day 10 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 0/12 1/6 1/6 1/7 0/12 1/10 2/10 0/12 4/12 0/12 0/12 0/12
ap2 0/12 0/12 0/12 1/11 1/12 1/11 0/12 0/12 2/10 0/12 1/8 0/12
ap3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/11 2/11
day 12 F ow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
api 0/12 0/12 0/12 0/12 0/12 0/9 0/12 0/12 0/12 0/12 0/12 0/11
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ap2 0/12 0/12 0/10 0/12 0/12 0/12 3/9 0/12 0/12 1/8 0/12 0/12
ap3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 2/8 1/8 3/11 1/9
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ap1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ap2 0/9 0/7 3/12 0/12 1/7 0/12 0/12 0/12 0/12 1/8 0/12 0/12
ap3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/12
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 5/12 3/12 4/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
wp2 10/12 6/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
wp3 11/12 9/12 3/12 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 0/8 2/10 1/9 0/12 0/12 0/12 0/12 0/12 1/8 0/12 0/12 0/12
wp2 3/7 6/12 7/12 6/12 5/8 4/12 2/12 2/12 0/12 0/12 0/12 0/12
wp3 4/6 12/12 7/11 5/11 1/11 1/8 0/12 3/12 4/11 2/10 0/11 2/10
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 6/12 9/12 4/9 9/12 1/10 0/11 3/12 0/12 0/12 0/12 3/12 5/9
wp2 8/10 5/8 4/7 10/12 8/12 9/11 11/12 6/12 5/12 4/12 0/12 4/11
wp3 9/12 5/9 3/10 6/11 3/12 5/12 4/10 4/12 5/11 4/12 5/9 6/12
day8 Fiow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 5/7 8/12 8/12 6/12 4/12 0/12 7/12 0/12 0/12 0/12 6/12 6/12
wp2 8/10 7/8 12/12 12/12 12/12 7/11 10/12 11/12 8/12 9/12 6/12 10/12
wp3 12/12 12/12 9/12 9/12 10/12 9/12 6/12 6/12 9/12 7/12 5/12 3/12
day 10 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 1/3 6/10 10/12 8/12 6/9 8/12 9/12 12/12 6/11 4/10 5/6 8/10
wp2 12/12 5/6 3/7 8/9 9/12 12/2 12/12 10/12 12/12 11/12 12/12 12/12
wp3 9/10 8/10 12/12 12/12 6/10 8/12 7/8 9/12 8/12 8/12 4/12 9/12
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day12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 9/12 10/12 6/11 6/12 5/11 9/11 8/11 5/6 6/12 12/21 5/7 12/21
wp2 12/12 8/12 9/12 12/12 12/21 12/21 12/21 12/21 11/12 12/21 12/21 8/10
wp3 12/12 12/12 12/12 7/8 12/21 12/21 9/10 8/10 9/10 10/11 10/11 9/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 3/7 1/7 33.33 7/12 9/12 12/12 9/11 4/6 12/12 12/12 7/9 10/11
wp2 6/7 12/12 9/10 11/12 12/12 12/12 9/11 11/12 10/12 11/12 12/12 12/13
wp3 12/12 9/12 10/12 11/12 10/12 12/12 12/12 12/12 10/12 12/12 12/12 10/12
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 5/12 3/12 5/12 3/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w2 1/12 1/12 1/12 0/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w3 6/12 2/12 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 6/7 8/9 3/10 3/14 6/12 0/12 0/12 0/12 0/12 0/12 0/12
w2 5/8 6/11 1/6 7/12 1/8 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w3 4/9 3/7 4/12 4/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 F.ow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 9/12 12/12 12/12 9/10 9/12 0/12 0/12 0/12 0/12 0/12 0/12
w2 0/11 12/12 7/8 12/12 5/8 3/10 0/12 0/12 0/12 0/12 0/12 0/12
w3 8/12 5/8 8/12 7/12 1/6 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day8 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 4/12 12/12 4/7 12/12 8/9 6/11 3/12 0/12 0/12 0/12 0/12 0/12
w2 12/12 7/11 8/12 10/12 6/11 3/12 5/11 0/12 0/12 1/11 0/12 0/12
w3 9/10 12/12 9/12 5/9 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 10 Flow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
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w1 6/10 2/10 8/12 6/12 5/11 6/9 2/12 0/12 3/10 1/10 1/12 0/12
w2 9/11 7/9 7/12 6/10 7/12 0/12 3/10 3/11 3/7 1/10 0/12 1/10
w3 4/9 12/12 6/12 6/11 10/12 8/12 5/12 5/12 3/12 0/12 3/12 1/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 6/12 6/12 9/12 12/12 4/10 9/10 9/10 0/12 2/9 2/9 1/10 0/12
w2 3/8 8/11 6/12 12/12 9/12 5/7 6/10 3/10 2/9 0/12 0/12 0/12
w3 4/7 12/12 8/10 5/6 10/11 6/11 7/12 1/7 9/13 0/12 2/12 2/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 5/7 12/12 12/12 6/12 6/12 2/10 12/12 3/10 4/12 0/12 0/12 1/9
w2 6/10 12/12 6/12 0/12 0/12 4/9 8/10 0/12 4/12 4/10 3/12 0/12
w3 7/11 6/12 12/12 6/12 6/12 6/12 7/12 2/12 7/10 2/10 4/12 1/11
day2 F ow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 5/12 5/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 5/12 3/12 0/10 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 3/12 6/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 1/10 1/10 33.33 4/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 1/9 4/11 3/12 0/12 1/11 1/10 0/12 0/12 0/12 0/12 0/12 0/12
a3 2/10 1/9 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/9 2/9 1/10 1/10 2/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 1/6 2/11 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 6/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day8 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 2/9 1/8 3/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 1/9 2/11 1/8 1/8 0/9 3/12 1/12 0/12 0/12 0/12 0/12 0/12
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a3 2/9 0/12 0/12 0/12 4/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/12 0/12 0/12 1/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 3/12 0/12 2/12 0/12 0/12 2/11 0/11 1/9 0/12 0/12 0/12
a3 0/12 0/12 0/12 1/9 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 12 F ow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 14 Ftow of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
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APPENDIX 17: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 2, ACNPV.WT
VERSUS ACJHE.SG VIA PODISUS MACULIVENTRIS
Raw data for chapter 4 -  Experiment 2, AcNPV.WT versus AcJHE.SG via Podisus 
maculiventris; mortality (number of dead/ total number of larvae sampled) of T. ni 
collected from the plots with or without the predator P. maculiventris. Treatment 
designations: “j”= AcJHE.SG; “w"= AcNPV.WT; “p"= plot with predator.
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
J'P1 9/12 3/12 2/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12 0/12 0/12
JP2 7/11 5/12 4/10 0/9 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
jp3 8/12 6/12 3/12 2/12 3/12 1/12 1/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 i2
jp1 6/12 1/12 3/10 0/12 0/12 0/12 1/9 0/12 2/11 0/12 0/12 0/12
jp2 3/12 1/12 1/12 3/11 2/12 0/12 0/12 0/12 1/10 2/9 0/12 0/12
jp3 4/12 1/12 1/12 0/11 2/12 0/12 1/11 0/12 0/12 2/10 1/12 1/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
jp1 5/11 2/11 0/12 0/12 0/12 1/12 1/12 1/10 0/12 3/12 2/12 0/12
JP2 3/11 4/10 0/12 0/12 1/11 1/11 0/12 1/10 1/12 1/11 3/11 0/12
jp3 3/10 1/10 0/12 2/12 2/12 1/12 1/11 3/12 1/10 0/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
jp1 3/12 1/12 1/12 0/12 0/12 0/12 0/12 1/11 1/11 0/12 2/11 0/12
jp2 1/12 1/12 0/12 1/12 1/12 1/12 0/12 0/12 1/11 0/12 1/11 0/12
J'P3 6/11 2/9 2/11 0/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ip i 3/8 3/7 1/7 1/6 0/12 0/12 2/10 0/12 0/12 0/12 1/6 1/8
JP2 6/12 0/12 1/10 1/8 0/12 1/9 1/8 0/12 0/12 0/12 0/12 2/9
jp3 2/9 2/10 1/9 1/9 0/12 1/10 1/9 2/9 1/10 1/12 0/12 0/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
JP1 2/11 2/8 2/7 0/9 2/9 0/12 3/12 1/8 3/12 2/10 3/10 1/10
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jp2 3/10 1/8 1/7 0/12 1/10 2/12 1/12 0/12 1/10 0/12 2/9 2/11
jp3 3/9 3/9 2/11 2/10 0/12 1/8 1/7 2/9 2/9 3/9 1/9 2/9
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
jp1 4/11 3/10 3/9 3/7 2/10 3/12 1/11 0/12 1/11 1/9 1/10 1/10
J'p2 1/11 3/12 0/12 0/12 0/12 3/12 1/10 1/9 1/10 0/12 1/11 1/10
jp3 2/11 3/10 1/10 3/12 1/8 1/11 3/11 2/11 2/11 1/10 1/10 2/9
day 2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 10/11 6/12 1/12 1/12 0/12 0/12 2/12 0/12 0/12 0/12 0/12 0/12
wp2 8/9 4/11 3/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
wp3 7/9 7/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 6/10 3/11 1/9 2/12 2/12 1/12 3/12 0/12 1/11 0/12 1/10 0/12
wp2 5/9 3/11 1/12 4/12 4/11 3/11 2/12 1/12 1/11 1/11 0/12 2/12
wp3 5/12 3/12 2/12 2/12 1/11 2/10 2/10 3/10 1/11 0/12 1/11 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 4/11 4/11 8/10 10/12 3/12 4/10 3/10 1/10 0/12 1/10 1/10 0/12
wp2 5/9 6/12 6/10 2/12 7/12 3/11 3/10 1/12 2/11 1/10 2/12 0/12
wp3 6/11 6/11 5/11 8/11 2/12 7/10 6/12 2/10 6/7 0/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 7/12 12/12 10/11 5/11 8/11 9/11 6/10 6/12 6/12 4/7 1/11 0/12
wp2 8/12 4/11 8/10 7/10 6/10 2/12 5/12 8/12 3/12 1/12 3/12 1/12
wp3 7/11 6/10 9/12 4/12 8/10 1/12 6/12 2/10 0/12 1/11 6/8 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 8/12 6/12 3/13 1/12 5/12 9/11 8/11 7/12 9/12 2/12 8/11 6/12
wp2 9/10 2/12 5/12 7/10 7/12 7/12 9/12 9/12 6/12 11/12 5/8 5/12
wp3 12/12 9/12 8/12 9/11 6/12 5/9 6/12 2/12 5/8 10/12 7/12 6/12
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day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 9/12 4/7 8/9 2/9 9/12 5/8 6/9 6/12 12/12 5/7 9/12 6/10
wp2 7/11 6/7 5/7 4/6 3/8 5/9 7/9 9/12 5/9 6/12 8/10 4/10
wp3 8/10 9/11 7/8 12/12 4/9 7/9 5/9 6/9 2/9 8/10 8/10 2/9
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wp1 11/13 10/11 12/12 11/12 6/8 9/12 10/12 8/11 5/6 4/6 5/6 7/8
wp2 12/12 9/12 7/9 9/12 6/7 7/12 9/10 7/9 9/10 9/12 9/12 9/12
wp3 10/12 9/11 7/10 8/11 8/10 8/11 9/11 4/7 5/12 9/12 6/7 9/12
day2 Row of plants
T reatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 7/12 6/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w2 8/12 5/12 0/12 0/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w3 11/12 6/12 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
T reatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 7/9 8/11 2/10 3/11 1/12 2/12 4/12 0/12 1/12 1/12 0/12 0/12
w2 4/12 1/12 3/12 2/12 5/12 1/12 1/10 1/10 0/12 0/12 0/12 0/12
w3 2/11 1/10 1/10 0/12 2/12 0/12 3/12 1/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 7/11 4/12 3/11 4/12 3/10 1/12 1/12 0/11 1/12 2/12 0/12 0/12
w2 5/11 2/12 2/12 1/9 1/11 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w3 4/9 2/12 2/12 0/10 1/10 0/12 0/12 1/10 0/12 0/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 10/11 4/10 8/11 2/12 2/12 0/12 0/12 1/12 1/12 0/9 1/11 0/12
w2 9/12 7/9 5/12 4/12 2/12 1/12 1/11 2/12 0/12 0/12 0/12 0/12
w3 6/11 8/12 7/12 3/12 2/12 1/12 3/12 1/11 1/11 2/11 0/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
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W1 12/12 9/12 5/6 3/9 2/11 2/10 3/11 3/12 1/13 3/12 1/12 1/12
w2 6/7 8/10 3/12 9/12 2/3 3/7 3/12 6/10 2/10 2/13 1/9 1/12
w3 11/12 7/11 6/12 4/11 8/12 3/11 4/11 3/12 2/12 2/13 0/12 0/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
W1 11/12 9/10 12/12 6/12 3/12 7/12 3/11 1/9 2/12 1/10 2/12 1/10
w2 12/12 11/12 9/11 6/12 4/10 6/12 1/10 1/7 3/10 1/12 1/12 3/12
w3 11/12 10/11 8/12 4/12 4/12 2/9 4/12 1/12 1/12 3/12 2/8 3/12
day 14 Row of plants
T  reatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 8/9 11/12 9/11 5/12 7/12 7/12 3/12 2/10 3/12 2/12 1/9
w2 11/12 12/12 9/11 9/11 6/12 9/12 3/8 2/10 3/12 2/9 3/10 1/10
w3 11/12 8/9 9/12 5/7 5/12 6/11 4/12 1/11 1/8 2/7 1/12 0/11
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
J'1 7/12 6/12 2/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
j2 5/12 4/12 1/12 3/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
j3 7/12 6/12 0/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
j1 4/10 4/11 2/12 1/10 1/12 0/12 0/12 2/12 0/12 0/12 0/12 0/12
j2 2/11 1/10 1/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
j3 1/12 0/12 3/11 1/12 2/12 3/11 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
j1 1/12 1/12 3/11 2/12 0/8 3/12 1/12 0/12 0/12 0/12 0/12 0/12
j2 4/12 2/12 2/12 2/12 1/12 1/11 1/12 0/9 1/10 0/12 0/12 0/12
j3 1/12 1/12 1/12 2/12 2/12 0/12 0/12 1/12 2/12 0/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
J'1 3/10 2/12 0/12 3/12 0/12 1/11 2/9 0/12 4/11 0/12 0/12 0/12
j2 2/12 1/12 0/12 3/12 0/12 2/11 0/12 2/12 0/12 0/12 0/12 0/12
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j3 3/12 3/11 2/11 2/11 0/12 0/12 1/9 0/12 3/12 0/12 0/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
j1 9/12 4/10 3/12 3/8 1/7 2/7 2/6 0/12 1/7 3/7 1/7 0/12
J2 3/10 1/11 2/7 3/12 1/11 1/9 0/12 1/9 1/9 1/9 1/8 1/9
j3 0/12 0/12 1/8 1/8 1/10 1/9 1/7 2/10 0/12 0/12 1/10 1/10
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
j1 6/10 6/12 6/12 3/12 3/12 1/10 3/12 1/10 1/10 1/3 1/10 0/11
J'2 3/11 2/12 1/12 1/12 1/12 2/12 2/12 1/12 1/12 1/12 2/12 0
]3 3/6 2/6 4/6 2/6 1/12 1/10 1/12 1/11 0/12 0/12 0/12 1/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
J1 4/12 2/12 2/12 3/12 1/12 1/12 4/12 1/12 2/12 3/12 2/12 3/12
j2 4/13 5/12 3/12 4/12 2/12 3/12 2/12 2/12 2/12 2/12 4/12 2/12
j3 1/6 2/6 1/5 1/10 3/12 3/12 1/12 2/12 1/11 2/9 2/9 1/8
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APPENDIX 18: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 3, ACNPV.WT
VERSUS ACNPV.AAIT SARCOPHAGA BULLATA
Raw data for chapter 4 -  Experiment 3, AcNPV.WT versus AcNPV.AalT Sarcophaga 
bullata; mortality (number of dead/ total number of larvae sampled) of T. ni collected 
from the plots with or without the scavenger S. bullata. Treatment designations: “a”= 
AcNPV.AalT; uw"= AcNPV.WT; “f= plot with scavenger
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 - - 0/12 0/12 0/12 1/12 1/11 0/12 0/12 0/12 0/12 0/12
af2 - 1/3 1/8 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
af3 - 1/5 1/12 1/11 0/12 1/12 0/12 0/12 2/12 0/12 1/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 2/12 6/12 1/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12 1/12 1/12
af2 2/12 1/12 1/12 1/12 0/12 1/12 0/12 0/12 1/12 0/12 0/12 0/12
af3 1/11 0/12 1/11 0/12 1/11 0/12 0/12 1/10 0/12 1/9 1/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 2/12 2/12 0/12 1/12 0/12 0/12 2/12 0/12 0/12 0/12 0/12 0/12
af2 1/7 1/8 1/8 2/13 0/12 0/12 0/12 0/12 1/11 0/12 0/12 0/12
af3 2/12 2/9 0/12 0/12 0/12 0/12 1/12 2/12 1/12 2/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 0/12 1/7 0/12 0/12 0/12 1/11 3/8 1/6 1/7 0/12 0/12 1/10
af2 0/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
af3 2/7 0/12 0/12 1/6 0/12 1/10 0/12 0/12 1/14 0/12 1/14 1/10
day 10 Row of planl s
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 0/12 0/12 1/12 1/11 0/12 2/12 1/7 0/12 0/12 0/12 1/11 1/11
af2 0/12 1/7 1/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
af3 1/6 2/6 0/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12 0/12 0/12
day 12 Row of planl s
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 0/12 0/12 1/7 1/6 1/6 0/12 0/12 0/12 0/12 3/12 0/12 0/12
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af2 0/12 0/12 1/7 0/12 2/10 0/12 3/12 3/12 0/12 1/10 0/12 0/12
af3 1/3 0/12 0/12 1/10 0/12 0/12 0/12 0/12 0/12 0/12 2/10 0/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
af1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
af2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
af3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 1/6 3/7 4/12 3/7 2/12 0/12 1/12 0/12 0/12 1/12 0/12 0/12
wf2 1/2 1/7 1/8 1/12 4/13 2/12 0/12 2/11 0/12 0/12 0/12 0/12
wf3 9/12 2/6 3/12 1/11 3/10 4/11 1/12 0/12 1/13 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 2/6 1/6 2/12 1/9 2/12 2/11 2/12 3/12 3/6 2/12 1/12 1/12
wf2 6/12 2/7 3/12 4/12 2/10 2/12 3/11 2/12 0/12 0/12 2/12 0/12
wf3 6/12 0/12 1/11 7/12 3/12 1/12 2/12 1/9 1/12 0/12 1/12 1/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 3/12 5/9 9/10 6/12 3/12 1/12 4/12 0/12 1/6 3/12 4/12 3/12
wf2 8/10 4/11 5/12 4/12 1/8 2/9 3/8 3/12 4/12 0/12 5/11 0/12
wf3 6/9 8/12 6/8 3/11 5/12 4/12 3/12 3/12 5/12 1/12 2/11 1/10
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 2/3 6/10 3/7 1/3 2/6 6/12 2/9 1/12 2/12 6/12 3/9 1/9
wf2 2/10 0/12 4/12 3/11 6/12 6/12 2/11 5/12 1/9 0/12 2/11 1/8
wf3 12/12 12/12 1/3 1/7 1/9 3/12 1/7 4/6 1/9 2/6 3/10 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 r 8 9 10 11 12
wf1 5/8 6/12 2/9 0/12 6/12 3/12 6/12 5/8 3/9 4/10 6/12 6/12
wf2 12/12 0/12 0/12 6/10 4/10 3/12 6/12 2/3 4/10 0/12 6/12 3/12
wf3 3/8 1/8 2/10 6/12 1/6 1/6 3/12 1/11 3/11 1/12 7/12 1/12
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day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 6/10 6/10 6/7 4/6 5/8 4/10 6/12 4/11 4/10 6/11 - 3/10
wf2 11/14 5/6 6/12 3/13 2/10 6/12 - - 1/3 5/11 6/12 6/7
wf3 5/7 3/12 6/10 5/8 3/12 1/3 4/9 4/9 3/9 5/7 3/8 2/10
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wf1 9/10 6/10 12/12 6/10 2/3 9/12 2/3 3/9 4/12 1/8 1/3 2/3
wf2 6/7 9/12 5/9 6/10 5/9 5/8 5/8 6/10 3/9 1/6 1/12 3/12
wf3 8/10 2/3 6/12 9/12 2/3 2/3 4/8 8/10 7/8 3/5 5/8 1/12
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 6/12 2/7 1/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w2 2/3 i n 1/11 1/8 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
w3 1/5 - 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 6/12 6/10 5/12 1/12 2/12 3/12 0/12 0/12 0/12 1/12 0/12 0/12
w2 8/10 9/12 1/10 2/12 2/12 0/12 0/12 1/13 0/12 0/12 0/12 0/12
w3 1/3 1/4 5/12 1/11 3/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 . 6 7 8 9 10 11 12
w1 3/10 6/12 3/12 3/12 2/12 3/11 1/12 2/12 3/12 1/12 0/12 0/12
w2 1/3 2/7 1/11 1/12 1/12 1/8 0/12 0/12 0/12 0/12 1/10 2/12
w3 1/6 6/12 7/10 3/12 1/9 1/9 2/12 1/12 0/12 0/12 0/12 0/12
day8 Row of planl s
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 3/9 6/12 4/10 1/6 4/11 1/9 4/12 3/8 3/12 2/10 3/12 2/12
w2 - - 5/12 3/9 3/12 2/10 0/12 6/12 0/12 1/8 1/9 1/11
w3 9/11 9/12 3/8 4/9 2/10 1/7 2/9 1/6 2/6 1/12 1/12 2/6
day10 Row of plan s
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Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 7/10 8/10 2/12 2/10 1/7 1/11 1/9 1/6 3/10 0/12 2/6 3/11
w2 - 0/12 6/12 4/6 2/6 5/6 4/10 2/3 4/9 9/12 3/8 6/9
w3 - - - 0/12 12/12 12/12 0/12 6/12 1/3 1/3 2/10 6/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 7/8 6/9 6/8 5/6 5/6 6/7 7/8 6/10 9/12 0/12 9/12 9/12
w2 - - 6/12 7/8 6/12 1/3 5/6 6/10 6/12 6/7 4/6 1/6
w3 12/12 6/12 6/7 12/12 9/12 6/12 8/10 - - 0/12 2/3 6/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 6/11 3/12 10/13 3/7 4/7 6/12 3/9 3/7 6/12 1/6 0/12 2/6
w2 - 9/12 12/12 12/12 1/3 9/12 6/12 0/12 2/3 0/12 6/10 6/12
w3 2/3 1/3 2/10 6/12 4/10 0/12 1/3 0/12 6/12 2/3 6/12 0
day2 Row of plants
10 1 2 3 4 5 6 7 8 9 10 11 12
a1 3/6 3/6 2/9 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 2/9 5/11 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 2/7 1/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 2/8 2/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 1/11 3/12 1/10 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 1/12 0/12 2/11 0/12 0/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of planl s
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 1/10 0/12 1/10 0/12 0/12 0/12 2/12 0/12 0/12 0/12 0/12 0/12
a2 1/8 1/12 0/12 0/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 0/12 0/12 2/6 0/12 0/12 1/8 0/12 0/12 0/12 0/12 0/12
day8 Row of plant s
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 1/11 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/10 0/12
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a2 0/12 0/12 0/12 0/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 1/9 0/12 0/12 1/5 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 2/12 2/10 0/12 0/12 1/8 0/12 0/12 3/12 0/12 0/12 0/12 0/12
a2 1/3 0/12 0/12 0/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 1/11 1/9 0/12 0/12 0/12 0/12 1/5 0/12 0/12 0/12 0/12 0/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 4/12 2/11 3/12 0/12 0/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12
a2 1/9 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/12 1/8 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 0/12 0/12 0/12 1/7 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
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APPENDIX 19: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 4 ACNPV.WT
VERSUS ACNPV.AAIT VIA ACHETA DOMESTICUS
Raw data for chapter 4 -  Experiment 4 AcNPV.WT versus AcNPV.AalT via Acheta 
domesticus; mortality (number of dead/ total number of larvae sampled) of T. ni 
collected from the plots with or without the scavenger A. domesticus. Treatment 
designations: “a”= AcNPV.AalT; “w”= AcNPV.WT; “c= plot with scavenger
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 - - 1/12 1/11 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ac2 - - 0/11 3/12 1/11 0/12 1/12 0/12 1/12 0/12 0/12 0/12
ac3 - - - 1/11 0/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 11/11 1/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12 2/12 2/12 0/12
ac2 1/9 2/7 0/12 0/12 0/12 0/12 0/12 2/12 3/12 0/12 0/12 0/12
ac3 1/12 2/9 0/12 0/12 1/11 1/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 3/12 3/12 0/12 0/12 1/12 1/11 2/12 0/12 0/12 0/12 1/12 0/12
ac2 3/8 4/12 0/12 0/12 0/12 0/12 1/12 0/12 1/12 0/12 0/12 1/12
ac3 2/11 2/12 1/12 0/12 0/12 1/12 0/12 0/12 0/12 0/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 1/11 2/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/6 0/12 0/12
ac2 2/9 6/12 1/3 1/11 1/6 0/12 0/12 2/10 1/9 0/12 0/12 0/10
ac3 2/12 3/11 1/11 0/12 1/12 0/12 4/7 0/12 0/12 0/12 0/12 0/9
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 1/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ac2 2/9 1/11 0/12 2/10 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
ac3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 2/10
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ac3 1/7 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
ac1 0/12 4/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12 0/12 0/12 0/12
ac2 0/12 0/12 1/6 0/12 3/8 0/12 0/12 0/12 0/12 1/12 0/12 0/12
ac3 2/10 0/12 0/12 0/12 3/8 0/12 0/12 0/12 0/12 1/5 0/12 0/12
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 6/12 4/10 1/12 0/12 1/12 0/12 2/12 0/12 0/12 2/12 1/12 0/12
wc2 - 12/12 2/11 0/12 1/10 2/11 0/12 1/10 2/10 0/12 1/12 0/12
wc3 12/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/10 0/12 1/12 2/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 6/9 12/12 3/12 1/8 1/11 1/12 1/12 2/12 0/12 0/12 1/12 0/12
wc2 4/6 4/7 0/12 0/12 1/11 0/12 0/12 1/12 1/11 1/12 3/12 1/9
wc3 4/6 6/12 5/12 4/12 2/12 2/12 0/12 0/12 3/10 0/12 1/9 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 12/12 3/11 3/12 0/12 1/8 1/10 3/12 2/12 1/12 2/12 2/12 0/12
wc2 5/11 6/12 2/10 3/12 3/12 2/9 1/12 3/12 0/11 2/9 1/12 0/10
wc3 6/9 5/8 3/9 2/10 5/12 1/10 2/10 3/13 3/10 4/10 3/12 0/9
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 3/12 5/12 3/9 0/11 3/9 3/10 3/9 1/9 0/12 2/6 1/11 0/12
wc2 6/10 5/12 6/12 6/11 5/12 4/12 3/12 4/10 3/10 4/12 3/12 4/11
wc3 6/12 6/9 2/9 5/9 12/12 2/9 2/5 3/8 5/8 4/9 3/12 0/12
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 10/11 6/7 6/8 12/12 7/8 6/12 6/12 2/3 6/12 4/6 4/10 4/10
wc2 6/9 6/12 4/7 6/12 6/12 9/12 4/10 217 5/12 2/9 4/11 3/7
wc3 9/12 6/12 5/8 2/6 3/9 3/12 2/6 2/6 3/8 2/10 3/12 0/12
day 12 Row of plants
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Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 - 12/12 12/12 6/12 - - - 6/12 6/12 - 6/10 -
wc2 12/12 * 12/12 9/12 6/12 0 3/12 12/12 6/12 1/3 3/12 6/12
wc3 3/12 12/12 3/12 - 1/3 2/3 6/12 6/12 1/5 6/12 1/3 2/7
day 14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
wc1 6/12 9/12 9/12 12/12 6/12 9/12 8/10 4/6 1/6 3/8 3/12 4/8
wc2 9/12 9/12 5/6 3/12 6/12 2/3 1/3 12/12 6/12 4/6 5/7 3/7
wc3 3/12 6/12 6/12 1/6 8/10 6/12 1/3 6/12 6/12 6/12 6/12 2/3
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 12/12 0/12 1/11 1/9 0/12 0/12 1/12 0/12 0/12 0/12 0/12
w2 - 12/12 0/12 0/12 0/12 0/12 1/12 1/12 0/12 0/12 0/12 0/12
w3 - 9/12 1/10 1/12 0/12 1/11 2/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
T  reatments 1 2 3 4 5 6 7 8 9 10 11 12
0/12 6/12 1/8 5/12 1/8 0/12 0/12 0/12 1/10 0/12 3/12 1/12 0/12
w2 4/10 5/9 2/10 0 2/12 0/12 1/12 1/12 0/12 0/12 0/12 0/12
w3 6/12 1/3 1/7 0/12 0/9 3/12 0/8 2/9 1/8 1/10 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 6/12 5/12 1/12 1/12 0/12 0/12 1/9 1/6 3/12 1/11 011 1/11
w2 4/9 5/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/5 1/12 010
w3 9/12 5/6 1/6 1/11 2/7 3/9 0/12 0/12 2/10 0/9 0/12 3/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 2/10 3/12 6/12 5/9 4/10 2/9 3/12 4/9 3/7 6/12 4/10 6/12
w2 5/7 6/11 4/11 1/8 1/10 0/12 08 1/9 4/12 1/11 5/12 3/12
w3 12/12 2/3 0/6 0/9 3/7 1/2 2/10 3/9 2/3 1/5 3/12 2/6
day 10 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 6/12 6/10 2/6 8/10 - 4/7 6/10 1/8 5/11 1/3 6/12
w2 9/12 6/12 5/9 6/12 5/11 3/8 6/12 5/12 4/12 4/10 4/9 7/12
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w3 8/9 5/12 4/9 7/9 2/12 5/12 3/12 4/9 3/11 2/9 5/11 3/13
day 12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 6/12 12/12 8/12 - 11/12 1/3 1/10 3/12 1/3 1/8 9/12
w2 12/12 6/12 12/12 4/10 2/10 1/3 1/10 4/10 1/3 1/7 3/12 1/7
w3 2/3 12/12 3/7 9/12 1/6 - 6/12 1/3 9/12 6/12 1/4 1/4
day14 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
w1 12/12 2/3 6/12 3/12 4/10 2/3 12/12 6/12 1/3 6/12 - 6/12
w2 6/12 - 6/12 3/12 4/8 3/12 6/12 2/7 4/10 2/10 4/10 4/9
w3 6/12 6/10 3/7 3/12 3/9 1/7 0/12 2/6 1/3 1/9 1/5 2/7
day2 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 - - 1/12 1/12 0/11 1/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 - - 2/12 2/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 - - 1/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day4 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 3/7 4/7 0/8 0/9 0/11 2/12 1/11 0/12 0/12 0/12 0/12 0/12
a2 4/9 6/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 1/8 2/11 1/11 1/10 1/11 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day6 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 4/11 4/12 3/13 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 3/7 6/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 4/12 0/9 0/12 1/12 0/12 0/12 0/12 0/12 0/12 1/12 0/12 0/12
day8 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 1/13 3/12 0/11 1/10 1/9 1/7 1/9 2/7 0/8 2/7 0/12 0/12
a2 2/9 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 6/12 2/12 3/12 6/12 0/10 0/11 2/10 1/10 0/12 0/12 0/12 0/12
day 10 Row of plants
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Treatments 1 2 3 4 5 6 7 8 9 n 10 11 12
a1 4/10 1/6 0/12 0/12 0/12 0/12 0/12 0/12 0 / 12 , 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/121 0/12 0/12 0/12
a3 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
day12 Row of plants
Treatments 1 2 3 4 5 6 7 8 9 10 11 12
a1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 3/12 2/10 0/12 0/12 0/12 0/12 3/12 0/12 0/12 0/12 0/12 0/12
day14 Row of plants
T reatments 1 2 3 4 5 6 7 8 9 0 11 12
a1 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a2 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12
a3 2/10 0/10 0/12 0/12 0/12 0/12 3/12 0/12 0/12 0/12 0/12 0/12
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APPENDIX 20: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 1 ACNPV.WT
VERSUS ACNPV.AAIT VIA PODISUS DOMESTICUS
Raw data for chapter 4 -  Experiment 1 AcNPV.WT versus AcNPV.AalT via 
Podisus domesticus; mortality (number of dead/ total number of larvae sampled) of 
T. ni in bioassay of soil samples collected from plots with or without the predator P. 
maculiventris. Treatment designations: “AalT"= AcNPV.AalT; “WT”= AcNPV.WT; 
“AalT+ P.” or “WT+ P”= plot with predator
DAY 7
AalT
Distance PLOT 1 PLOT 2 PLOT 3
30 0 19/30 6/30
90 0/30 15/30 4/30
150 2/30 7/30 0/30
210 2/30 6/30 0/30
270 2/30 1/30 0/30
AalT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 2/30 1/30 2/30
90 2/30 6/30 4/30
150 1/30 2/30 1/30
210 2/30 2/30 2/30
270 2/30 1/30 0/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 4/30 1/30 26/30
90 1/30 23/30 29/30
150 1/30 3/30 16/30
210 3/30 7/30 2/30
270 1/30 1/30 8/30
WT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 28/30 27/30 7/30
90 29/30 1/30 27/30
150 14/30 29/30 28/30
210 4/30 4/30 14/30
270 8/30 21/30 23/30
DAY 14
AalT
Distance PLOT 1 PLOT 2 PLOT 3
30 2/30 2/30 2/30
90 2/30 1/30 2/30
150 5/30 3/30 3/30
210 5/30 0/30 1/30
270 0 0/30 0/30
AalT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 11/30 3/30 3/30
90 6/30 4/30 2/30
150 12/30 4/30 7/30
210 4/30 4/30 6/30
270 9/30 6/30 1/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 3/30 6/30 5/30
90 2/30 5/30 2/30
150 2/30 2/30 8/30
210 3/30 3/30 10/30
270 1/30 1/30 5/30
WT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 25/30 21/30 23/30
90 23/30 24/30 21/30
150 24/30 23/30 21/30
210 23/30 21/30 20/30
270 28/30 28/30 21/30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX 21: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 2 ACNPV.WT
VERSUS ACJHE.SG VIA PODISUS DOMESTICUS
Raw data for chapter 4 -  Experiment 2 AcNPV.WT versus AcJHE.SG via Podisus 
domesticus; mortality (number of dead/ total number of larvae sampled) of T. ni in 
bioassay of soil samples collected from plots with or without the predator P. 
maculiventris. Treatment designations: “JHE”= AcJHE.SG; “WT”= AcNPV.WT; 
“JHE+ P.” or “WT+ P"= plot with predator
DAY 7
JHE
Distance PLOT 1 PLOT 2 PLOT 3
30 29/30 30/30 30/30
90 22/30 30/30 30/30
150 13/30 30/30 23/30
210 7/30 21/30 27/30
270 3/30 6/30 10/30
JHE+P
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 27/30 24/30
90 30/30 11/30 7/30
150 30/30 25/30 29/30
210 30/30 14/30 15/30
270 30/30 30/30 29/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 29/30 15/30 30/30
90 29/30 28/30 30/30
150 28/30 29/30 9/30
210 29/30 30/30 15/30
270 22/30 11/30 9/30
WT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 23/30 19/30 27/30
90 30/30 30/30 30/30
150 29/30 30/30 28/30
210 29/30 22/30 29/30
270 12/30 30/30 30/30
DAY 14
JHE
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 30/30 28/30
90 30/30 30/30 30/30
150 1/30 30/30 30/30
210 30/30 30/30 30/30
270 5/30 30/30 30/30
JHE+P
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 30/30 29/30
90 30/30 30/30 29/30
150 30/30 30/30 30/30
210 29/30 30/30 30/30
270 30/30 30/30 30/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 5/30 24/30 30/30
90 22/30 30/30 30/30
150 30/30 4/30 30/30
210 4/30 30/30 30/30
270 30/30 9/30 30/30
WT+P
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 24/30 30/30
90 30/30 30/30 30/30
150 30/30 30/30 30/30
210 30/30 24/30 29/30
270 30/30 30/30 30/30
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APPENDIX 22: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 3 ACNPV.WT
VERSUS ACNPV.AAIT VIA SARCOPHAGA BULLATA
Raw data for chapter 4 -  Experiment 3 AcNPV.WT versus AcNPV.AalT via 
Sarcophaga bullata; mortality (number of dead/ total number of larvae sampled) of 
T. ni in bioassay of soil samples collected from plots with or without the scavenger 
S. bullata. Treatment designations: “A a ir=  AcNPV.AalT; UWT”= AcNPV.WT; 
“AalT+ Fly.” or “WT+ Fly”= plot with scavenger
DAY 7
AalT
Distance PLOT 1 PLOT 2 PLOT 3
30 22/30 8/30 30/30
90 4/30 4/30 3/30
150 1/30 5/30 4/30
210 0/30 4/30 3/30
270 3/30 0/30 5/30
AalT+Fly
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 7/30 19/30
90 18/30 3/30 7/30
150 1/30 2/30 4/30
210 3/30 9/30 14/30
270 5/30 3/30 11/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 30/30 27/30
90 13/30 16/30 2/30
150 4/30 8/30 2/30
210 10/30 12/30 4/30
270 2/30 1/30 1/30
WT+Fly
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 27/30 30/30
90 20/30 30 8/30
150 11/30 1/30 7/30
210 16/30 2/30 7/30
270 5/30 3/30 15/30
0 DAY 14
AalT
Distance PLOT 1 PLOT 2 PLOT 3
30 18/30 14/30 5/30
90 1/30 3/30 6/30
150 2/30 4/30 14/30
210 1/30 3/30 8/30
270 0/30 3/30 5/30
AalT+Fly
Distance PLOT 1 PLOT 2 PLOT 3
30 19/30 30/30 15/30
90 1/30 9/30 11/30
150 7/30 4/30 4/30
210 8/30 3/30 22/30
270 9/30 2/30 11/30
WT
Distance PLOT 1 PLOT 2 PLOT 3
30 23/30 27/30 27/30
90 5/30 28/30 11/30
150 4/30 3/30 8/30
210 22/30 9/30 6/30
270 14/30 28/30 28/30
WT+Fly
Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 30/30 30/30
90 23/30 30/30 6/30
150 19/30 15/30 6/30
210 14/30 22/30 9/30
270 20/30 14/30 26/30
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APPENDIX 23: RAW DATA FOR CHAPTER 4 -  EXPERIMENT 4 ACNPV.WT
VERSUS ACNPV.AAIT VIA ACHETA DOMESTICUS
Raw data for chapter 4 -  Experiment 4 AcNPV.WT versus AcNPV AalT via 
Acheta domesticus; mortality (number of dead/ total number of larvae 
sampled) of T. ni in bioassay of soil samples collected from plots with or 
without the predator P. maculivenths. Treatment designations: “AalT= 
AcNPV-AalT; “WT"= AcNPV.WT; “AalT+ C." or “WT+ C."= plot with predator
DAY 7 DAY 14
AalT AalT
Distance PLOT 1 PLOT 2 PLOT 3 Distance PLOT 1 PLOT 2 PLOT 3
30 15/30 5/30 5/30 30 10/30 21/30 24/30
90 7/30 16/30 19/30 90 24/30 6/30 8/30
150 7/30 8/30 3/30 150 9/30 20/30 10/30
210 0/30 7/30 6/30 210 3/30 10/30 7/30
270 1/30 0/30 2/30 270 0/30 4/30 7/30
AalT+C. AalT+C.
Distance PLOT 1 PLOT 2 PLOT 3 Distance PLOT 1 PLOT 2 PLOT 3
30 4/30 30/30 27/30 30 29/30 8/30 25/30
90 5/30 8/30 3/30 90 25/30 9/30 29/30
150 7/30 3/30 5/30 150 3/30 15/30 23/30
210 2/30 7/30 5/30 210 2/30 4/30 13/30
270 2/30 5/30 2/30 270 7/30 2/30 17/30
WT WT
Distance PLOT 1 PLOT 2 PLOT 3 Distance PLOT 1 PLOT 2 PLOT 3
30 26/30 30/30 30/30 30 30/30 30/30 30/30
90 17/30 29/30 21/30 90 30/30 30/30 26/30
150 22/30 22/30 26/30 150 17/30 30/30 30/30
210 30/30 23/30 24/30 210 6/30 13/30 26/30
270 23/30 24/30 30/30 270 24/30 26/30 25/30
WT+C. WT+C.
Distance PLOT 1 PLOT 2 PLOT 3 Distance PLOT 1 PLOT 2 PLOT 3
30 30/30 25/30 30/30 30 30/30 29/30 30/30
90 23/30 19/30 18/30 90 30/30 30/30 29/30
150 25/30 27/30 28/30 150 29/30 20/30 30/30
210 8/30 3/30 6/30 210 16/30 30/30 12/30
270 2/30 6/30 3/30 270 29/30 30/30 28/30
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